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ABSTRACT 

Moringa oleifera, a perennial tree of Indian origin, is cultivated in 
several tropical and sub-tropical countries because of its ability to 
grow under unfavourable conditions such as poor soil, lower 
requirement of water and managemental practices. The leaves 
and pods of the plant are highly rich in essential nutrients such as 
protein, vitamin, essential amino acids, macro and micro elements 
in addition to the presence of diverse nutraceutical molecules 
such as antioxidant, flavonoids, isothiocyanates, phenolics etc. 
The presence of bioactive principles in different parts of the 
Moringa plant prompted the people to use it as part of traditional 
medicines for the cure of several human ailments such as 
diabetes, intestinal worms, hyperlipidaemia, high blood pressure, 
muscle spasm, constipation, ringworm,  etc. With the growing 
health consciousness coupled with phobia against modern 
chemical based therapeutic, there is increasing demands for plant 
sourced nutraceuticals. Evidently, this gives opportunity for 
development of Moringa based product for welfare of human 
society. The current review made an effort to summarize the 
research advancement on different aspects of Moringa oleifera 
focussing on taxonomy, cultivation, nutritional attributes, 
therapeutic values, and value-added products of this divine tree. 

Keywords: Moringa oleifera, Nutrient composition, Medicinal 
values, Value added products. 
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INTRODUCTION 

In the global list of tree species, Moringa oleifera occupies significant niche because 

of its numerous applications for the benefits of the human society since immemorial. 

Albeit, the tree is originated from the Sub-Himalayan tract of northern India, 

nevertheless, it is currently found in South Africa, Northeast Africa, Madagascar, 

Ethiopia, Sudan, Philippines, Afghanistan, Bangladesh, Nepal, Pakistan, Sri Lanka, 

Latin America, and Southwest Asia (Meireles et al., 2020; Trigo et al., 2020). It is 

popularly known as ‘drumstick’ or ‘horseradish’ tree and bears immense significance 

for the production of typical thin pod resembling to ‘drumstick’, an important 

ingredient for the preparation of tasty and delicious dishes in Asia and Africa. Often, 

it is called as the “Tree of Miracles”, because its each and every part (leaves, roots, 

flowers, pods and seeds) is consumed by the human being (Jagadeesan et al., 2020). 

The Moringa is also known as “Ben-oil tree” or “Benzoil tree”, “Cabbage tree”, 

“Mother’s best friend” (Koul and Chase, 2015). The name ‘Moringa’ originates from 

the Tamil word ‘murunnggi’ or the Malayalam word ‘muringa’ (Quattrocchi et al., 

2000). There are approximately fourteen species under the genus ‘Moringa’, viz., M. 

arborea, M. longituba, M. borziana, M. pygmaea, M. hildebrandtii, M. drouhardii, 

M. longituba, M. peregrina, M. stenopetala, M. rivae, M. ruspoliana, M. ovalifolia, 

M. Concanensis and M. oleifera (Rani et al., 2018). Among those fourteen species, 

M. Oliefera is the most prominent over the world because its parts are invaluable 

source of nutrients and phytochemicals.  

Since the date of civilization, tree is considered as an integral part of human life 

around the world. In that perspective, numerous trees are being examined for several 

centuries not only for the production of food and wood, but also for dietary 

supplements and herbal medicines (Sujatha and Patel, 2017). In that time tested and 

century old competitive evaluation process, M. oleifera has emerged out as the front 

runner tree species because its part are rich protein, vitamins, minerals, carotenoids 

besides bioactive molecules of therapeutic significance. In fact, the Moringa tree is 

serving the needs of the human society since several centuries and holds a greater 

significance with respect to economic, nutritional, medicinal and social values.  

Nowadays, human of all ages is repeatedly facing one or other kinds of stress of 

different degrees all over the world. In view of the growing consumer awareness 

coupled with phobia against chemical based modern therapeutics, the people of 

current generation want plant sourced biomolecules for their health and wellbeing as 

they believe in the principle of “Prevention is better than cure” (Samanta et al., 2015; 

Jahan et al., 2019). Besides the presence of vital nutrients, the plant parts of Moringa 

are rich in phytochemicals; effective against several human ailments including 

diarrhoea, diabetes, fever, dysentery, hepatitis, bronchitis, hypertension, cancer, 

epilepsy, colitis, common cold, anaemia, ulcers or external soars, headache, dental 

caries, arthritis and so on (Hsu et al., 2006). It is noteworthy to mention that 

therapeutic applications of Moringa is documented in ancient Ayurvedic literatures, 
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namely Charak Samhita, Sushruta Samhita, Ashtanga Sangraha, Bhel Samhita, Harita 

Samhita (Kumar et al., 2015). Following unravelling the mystery on the functionality 

of plant bioactive molecules, there is an unexpected surge across the world for the 

demands of plant derived products, including Moringa origin products (Meireles et 

al., 2020). In view of the above perspectives, the current endeavour has been made to 

present the review on Moringa oleifera focussing on update on taxonomic 

classification and cultivation, history on usages of Moringa tree, distribution and 

local name, nutritional values, bioactive plant compound, therapeutic application, 

value added products etc. 

TAXONOMIC CLASSIFICATION AND CULTIVATION 

Indeed, originated from India, M. oleifera is widely introduced and naturalized across 

many tropical and subtropical countries. Currently, it is being grown for a range of 

purposes including human consumption, livestock/ aqua feed and industrial 

applications. The taxonomic classification of M. oleifera is as follows (Trigo et al., 

2021): 

Domain: Eukaryota 

    Kingdom: Plantae 

        Phylum: Spermatophyta 

            Subphylum: Angiospermae 

                Class: Dicotyledonae 

                    Order: Capparidales 

                        Family: Moringaceae 

                            Genus: Moringa 

                                Species: Moringa oleifera 

According to the criteria of Angiosperm Phylogeny Group IV (APGIV), the 

Moringaceae family is now come under order Brassicales, the order which includes 

species of both radish and cabbage.  

M. oleifera is a drought resistant, fast growing softwood tree, primarily growing in 

semi-arid tropical and subtropical countries. It could be grown by direct seeding, 

transplanting or by stem cuttings (Leone et al., 2016). Owing to its lower requirements 

for nutrients, water and other managemental practices, cultivation of Moringa is very 

popular among wide categories of farmers. It is reported to be grown in areas up to 

1000 m altitude having annual rainfall around 750 to 2250 mm. Albeit, M. oleifera 

tolerates a wide range of soil pH (4.5 to 8.0), nevertheless, it is unable to thrive water 

logging and frosts (Hsu et al., 2006). It may be grown up to the height of 12 m with an 
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approximate diameter of 60 cm (Orwa et al., 2009). The leaves are alternate, oddly bi- 

or tri-pinnate compound, triangular in outline and 20 - 70 cm long. The flowers are up 

to 12 mm long, white or creamy white in colour. The fruit of Moringa is trilobite 

capsule shaped and length varies from 20 to 60 cm. The fruits are ripened about three 

months after flowering. The pods turn into brown after maturity. Each Moringa pod 

contains approximately 12 to 35 seeds, having average weight around 0.3 g. A single 

Moringa tree is able to produce 15,000 to 25,000 seeds per year (Foidl et al., 2001). As 

the carbon dioxide absorption rate of the M. oleifera plant is twenty times higher than 

that of general vegetation, therefore, the tree has great prospects to counteract the 

adverse effects of climate change and important avenue for livelihood improvement 

(Daba, 2016; Villafuerte and Villafurte-Abonal, 2009).  

HISTORY ON USAGES OF MORINGA TREE 

According to the available archaeological evidences, the ancient people of Indus 

valley civilization (3300-1700 BC) were selectively cultivating the crops that are rich 

in heath promoting phytonutrients (Samanta et al., 2011). Further, around 460 to 370 

BC, the “Father of Medicine”, Hippocrates opined that “Let Food be Thy Medicine 

and Medicine be Thy Food”; emphasizing the importance of the plant based 

therapeutic molecules for health and wellbeing, besides their nutritional significance. 

Evidently, it substantiates the stronger advocacy of food based herbal remedies 

during ancient times for “Good Health and Wellbeing”; today’s SDG 3 of the United 

Nations. Other school of thought presumed usages of plants as medicines originates ~ 

60,000 years ago, particularly in the mid-Palaeolithic age (Solecki, 1975). Out of the 

3,91,000 vascular plants (Wills and Bachman, 2016), M. oleifera is the prominent 

one with greater economic significance (Senthilkumar et al., 2018). In the past, 

leaves and fruits of Moringa were part of human diets in some countries to take care 

their skin and mental health. During the period of 322 to 180 BC, the soldiers of 

Mauryan kingdom were offered Moringa leaf extract in the battlefield, because it 

contained numerous phytochemicals, which relieves pain, beats stress and supplies 

additional energy (Fuglie, 2001; Jahn, 1996; Manzoor et al., 2007). The oldest 

civilizations of the world particularly, Greek, Roman and Egyptian are also reported 

to extract oil from Moringa seed for its usages on skincare and perfumes 

(Senthilkumar et al., 2018).  

DISTRIBUTION AND LOCAL NAME 

M. oleifera is native to the sub-Himalayan foothills of Indian subcontinent. Realizing 

its beneficial roles, particularly disease ameliorating properties, the Moringa tree has 
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been propagated to various tropical and sub-tropical countries of the world, including 

Middle East, Africa, America, Asia, Caribbean Islands (Sujatha and Patel, 2017). On 

eastern direction, the Moringa plant spreads to China, Cambodia, and Philippines, 

while towards western direction, it reaches to Egypt, West Africa, Brazil, Mexico, 

Peru, and West Indies (Matic et al., 2018). By virtue of producing around 1.1 to 1.3 

million tons of pods, India is the largest producer of Moringa and major contributing 

states are Andhra Pradesh, Karnataka and Tamil Nadu (Koul and Chase, 2015). 

Because of its typical nature of “never die”, the tree in Africa is termed as 

“Nebedaye”. Stronger adaptability to different soil and climate, easy propagation, and 

lesser managemental requirements are the major drivers for its wider distribution 

across the globe. As a result, the Moringa tree is known by different names in 

different languages across the world (Table 1).  

NUTRITIONAL VALUE OF LEAVES 

The M. oleifera is well known for its multiplicity of usages (Meireles et al., 2020). 

The tag “miracle tree” perfectly matches with the crop as its each and every part 

(leaves, flowers, seeds, pods, bark, roots) is useful to the human being as a source of 

essential nutrients. Since several thousand years, M. oleifera has been reported to be 

consumed in different culinary ways. Owing to the higher contents of protein 

(particularly the sulphur containing amino acids), vitamins (A, B and C) and minerals 

(Calcium, Iron), the leaf powder is one of the highest marketable items of the 

Moringa plant (Table 2). Often, Moringa leaves are reported to contain seven times 

higher vitamin C than oranges, ten times more vitamin A than carrots, seventeen 

times more Calcium than milk, nine times more protein than yoghurt, fifteen times 

more Potassium than banana, twenty-five times more Iron than spinach 

(Gopalkrishna et al., 2016; Trigo et al., 2020). The leaves of the plant could be eaten 

as fresh or cooked. As the leaves are rich in essential nutrients, pregnant or lactating 

mother could consume the dried powder leaves for their health as well as baby’s 

growth and development in underdeveloped countries suffering from malnutrition 

(McBurney et al., 2004). The leaves (either fresh or dry) of Moringa could also be 

used for animal feeding (Samanta et al. 2011), particularly in dairy cows (Sancheza et 

al., 2006).  The Moringa leaf extract is also reported to be used in fish feed 

formulation (We et al., 2020).  
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Table 1. Name of Moringa tree in different languages  

Language Termed as 

Adia (Benin) Kpashima 

Arabic Saisam, Rawag 

Bengali Sajna, Sojna, Sujana 

Burmese Daintha, Dandalun, Dandalonbin 

Chinese La mu, Lat mok 

Daggai 

(Cameroon) 

Paizlava 

English Drumstick tree, horseradish tree, Mother’s Best Friend, West Indian Ben  

Fiji Sajina 

French Acacia blanc, Neverdie, Moringa aile, Ben aile, Benzolive 

Germany Behenbaum, Behenussbaum, Flugelsaniger Bennusssbaum, 

Pferderettichbaum 

Hindi Shajna, Munaga, Munga ara, Sahijna, Sarinjan, Sarinna 

Indonesia  Kelor 

Italian  Sandaloceruleo 

Konkani Moosing, Mosing 

Latin Moringa oleifera 

Malayalam Sigru, Moringa, Muringa, Morunna, Murinna 

Marathi Sujna, Shevga, Shivga 

Moree/ Mossi 

(Burkina Faso) 

Alsamtiga, Argentiga, Arzan taiga 

Nepali Sitachini, Sohijan, Shobhanjan 

Oriya Munigha, Sajina 

Portuguese Acacia branca, Cedra, Marungo 

Punjabi Sejana 

Sanskrit SigruShobhanjan, Sobhan jana, Shobanjana, Danshamula 

Sara (Chad) Kagn’dongue 

Spanish Paraiso blanco, Paraiso frances, Reseda 

Swahili (Kenya) Mkimbo, Mlongo, Mronge, Mrongo, Shingo 

Tamil Murungai, Morunga 

Telegu Mualga, Sajana, Tella-Munaga 

Thai Kaanaeng-doeng, Ma khonkom, Ma rum 

Urdu Sahajna 
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Table 2. Nutrient profile of dried Moringa leaves (Meireles et al., 2020) 

Nutrients Proportion per 100 g 

Carbohydrates (g) 36±9.2 

Protein (g) 24±5.8 

Total lipid (g) 6±2.5 

Dietary fibre (g) 20.6 to 28.6 

Vitamin A (µg) 3639±1979 

Thiamine (mg) 2.6 

Riboflavin (mg) 1.29 to 20.5 

Vitamin E (mg) 56 to 113 

Vitamin C (mg) 172±37.7 

Total folate (µg) 540 

Calcium (mg) 1897±748.4 

Phosphorus (mg) 297±149 

Sodium (mg) 220±180 

Potassium (mg) 1467±748 

Iron (mg) 32.5±10.7 

Zinc (mg) 2.4±1.1 

Copper (mg) 0.9±0.48 

BIOACTIVE PLANT COMPOUND 

The bioactive plant compound (BPC) refers to any non-nutritive plant sourced 

molecule that exhibits positive effects following its consumption (Matic et al., 2018). 

It includes a molecule that is present in small quantity in plants and could play a 

critical role for good health and wellbeing in both human and animals. Ideal plant 

sourced bioactive molecules are secondary metabolites, which are not essential for 

plant growth, nevertheless, it plays an important role for the plant’s survivability 

(Kennedy et al., 2011). The M. oleifera has been reported to be rich in numerous 

bioactive molecules such as vitamins, carotenoids, polyphenols, phenolic acids, 

flavonoids, alkaloids, glucosinolates, isothiocyanates, tannins and saponins (Leone et 

al., 2015; Mbikay et al., 2012; Vergara-Jimennez et al., 2017). The antioxidant 

activity of Moringa is due to the presence of higher contents of flavonoids, namely 

rutin, quercetin, rhamnetin, kaempferol, apigenin, and myricetin (Rani et al., 2018).  

The predominant glucosionalate present in Moringa spp. is 4-O-(α-L-

rhamnopyranosyloxy)-benzyl glucosinolate; popularly known as glucomoringin. 

Enzymatic hydrolysis of glucosionalte leads to production of iosthiocyanate; 

responsible for anticancer, antimicrobial and anti-inflammatory effects (Park et al., 
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2011; Padla et al., 2012; Waterman et al., 2014). The phenolic acids of Moringa spp. 

include gallic acid, ellagic acid, ferulic acid, caffeic acid, o-coumeric acid, 

chlorogenic acid, para-coumeric acid, sinapic acid (Leone et al., 2015a; 2015b).  

NUTRITIONAL VALUE OF SEED AND POD 

The Moringa finds its place as most favoured cultivated tree species to the people of 

different centuries because edible parts of the plant are tasty, nutritious and possess 

desirable flavour. In that direction, seeds and pods of Moringa are no way behind the 

leaves and reported to be rich in protein, vitamins and critical minerals (Table 3). 

Table 3. Nutrient profile of Moringa seed and pods (Gopalkrishna et al., 2016) 

Nutrients Dried Moring plant parts 

Seed Pods 

Protein (g/100g) 35.97 2.5 

Fat (g/100g) 38.67 0.1 

Carbohydrates (g/100g) 8.67 3.7 

Fiber (g/100g) 2.87 4.8 

Vitamin B1 (mg/100g) 0.05 0.05 

Vitamin B2 (mg/100g) 0.06 0.07 

Vitamin B3 (mg/100g) 0.2 0.2 

Vitamin C (mg/100g) 4.5 120 

Vitamin E (mg/100g) 751 - 

Calcium (mg/100g) 45 30 

Magnesium (mg/100g) 635 24 

Phosphorus (mg/100g) 75 110 

Potassium (mg/100g) -- 259 

Copper (mg/100g) 5.2 3.1 

Iron (mg/100g) -- 5.3 

Sulphur (mg/100g) 0.05 137 

THERAPEUTIC VALUES 

Approximately, 80% of the world’s population relies on natural herbs for healthcare 

because of the ease of accessibility, affordability and finally free from unwarranted 

side effects (Tshabalala et al., 2019). Owing to the presence of numerous 
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phytochemicals and richness of vital nutrients, most of the plant parts of Moringa 

spp. are used in traditional medicine since ancient times (Table 4).  The raw or 

crushed seeds of Moringa could be used for the remedy of stomach pain, ulcer, poor 

vision, joint pain (Popoola and Obembe, 2013). The seeds or its extract are recorded 

to overcome the adverse effects caused by aging and cancer (Singh et al., 2009). 

Application of ethanolic extract of Moringa seed alleviates broncho-alveolar 

inflammation by lessening the infiltration of inflammatory cells in lungs, coupled 

with reduced secretion of inflammatory mediators in the airways of asthma-induced 

rats (Mahajan et al., 2007). Dosing with Moringa seed powder resulted into reduced 

nocturnal heart rate, followed by improvement of cardiac diastolic function in 

experimental animals (Randriamboavonjy et al., 2016). 

Table 4. Therapeutic application of Moringa oleifera plant parts (Anwar et al., 2007) 

Plant parts Purpose 

Root Antilithic, rubefacient, vesicant, carminative, laxative, anti-inflammatory, 

cardiac/circulatory tonic, used against articular/ lower back/ kidney pains 

etc.  

Leaf Purgative, used for piles, fevers, sore throat, bronchitis, eye and ear 

infections, scurvy and catarrh, anti-diabetic etc.  

Stem bark Rubefacient, vesicant and used to cure eye diseases, prevents enlargement 

of the spleen and formation of tuberculous glands of the neck, destroys 

tumors and heals ulcers. 

The juice from the root bark is put into ears to relieve earaches and also 

placed in a tooth cavity as a pain killer.  

Gum Used for dental caries. 

Gum, mixed with sesame oil, is used to relieve headaches, fevers, intestinal 

complaints, dysentery, asthma etc. 

Treatment of syphilis and rheumatism. 

Flower Higher medicinal value as a stimulant, aphrodisiac, abortifacient, 

cholagogue. Used to cure inflammations, muscle diseases, hysteria, tumors, 

enlargement of the spleen. 

Lowers serum cholesterol, phospholipid, triglyceride, VLDL, LDL 

cholesterol etc. 

Seed Seed extract reduces liver lipid peroxides and possesses antihypertensive 

compounds such as thiocarbamate and isothiocyanate glycosides.  

In spite of wider usages of Moringa in traditional/ alternate medicine, data on human 

subjects is frugal. Later on, several research demonstrated significant decline in both 

fasting and postprandial blood glucose level of patients suffering from type-2 diabetes as 

a result of dosing with tablet of M. Oleifera dried leaf (Kumari, 2010; Nambiar et al., 

2010; Ghiridhari et al., 2011). Moringa is also reported to be used for the treatment of 
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sore throat, ear infections, sprain, hypertension, cough, anxiety, headache, hysteria, skin 

infections, epilepsy, for intestinal worms, respiratory disorders, joints pain, anaemia, 

blackheads, bronchitis, lactation diabetes, abnormal blood pressure, chest congestion, 

asthma, fever, tuberculosis, hyperthyroidism and Herpes Simplex virus type -1 (Lipipun 

et al., 2003; Mishra et al., 2012; Singh and Singh, 2019).  

VALUE ADDED PRODUCTS 

Moringa oleifera is well known tree for producing leaves, pods, flowers and seed 

charged with essential nutrients (amino acids, micro and macro elements, vitamins, 

essential fatty acids) and diverse nutraceutical molecules (Gopalkrishna et al., 2016; 

Rockwood et al., 2013). This gives the opportunities to the entrepreneurs for 

development of numerous value-added products from plant parts of Moringa oleifera. 

MORINGA LEAF POWDER 

The Moringa leaf powder is one of the most sought value-added products from this 

divine tree as it possesses remarkable nutritional and medicinal properties (Mishra et 

al., 2012). Both young and matured leaves are suitable for powder making. As leaves 

could easily loose moisture after collection, the harvesting is routinely advocated in 

the early morning. Immediately after harvesting, the leaves are cleaned manually in 

order to remove stem, dirt and other extraneous material. Thereafter, the collected 

leaf samples are shade dried till it becomes crisp with moisture nearing to or less than 

10% (Fig. 1). Then dried leaves are subjected to grounding to have uniform particle 

size of 100 µm (Jagadeesan et al., 2020). The dried Moringa leaf powder is 

exceptionally good source of provitamin A, vitamin B & C, minerals, sulphur 

containing amino acids such as methionine and cysteine. The leaf powder could be 

stored up to six months subjected to its protection from light and humidity. 

 

Figure 1. Steps for making of Moringa leaf powder (Reddy et al., 2020) 

The leaf powder is reported to be used as an ingredient (5 to 10%) for the preparation 

of South Indian traditional dish i.e., “Idli” without compromising its sensory qualities 

Harvesting 
of leaves 

Cleaning 
Blanching 

 (5 minutes) 

Cabinet drying 

(60ºC for 6 h)  

or shade drying 

 (5 - 6 days) 

Grinding 

Moringa leaf 
powder  

(ready to use) 
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(Reddy et al., 2020). Further, the powder could also be used for the preparation of 

Moringa peanut chutney powder, Moringa chutney powder, Moringa rice powder, 

Moringa sambar powder, Moringa plain spread etc (Jagadeesan et al., 2020). 

Currently, a series of value-added products are being manufactured and marketed in 

India from Moringa leaves including Moringa leaf tablets, Moringa capsule, Moringa 

tea, etc (Sekhar et al., 2018).  

MORINGA OIL 

The seeds of Moring oleifera contains around 36% oil (W/W) with higher content of 

oleic acid and popularly known as “Ben oil” or “Behen Oil” (Leone et al., 2016). 

Looking at the fatty acid profile, it contains around 20.58% saturated fatty acids, 

76.81% mono-unsaturated fatty acids and 1.25% poly-unsaturated fatty acids (Table 

5). The saturated fatty acid component of Moringa oil is predominantly comprised of 

palmitic acid, followed by behenic acid, and stearic acid. In the bracket of poly-

unsaturated fatty acids, the primary components are linoleic acid and linolenic acid. 

The oil present in the Moringa seed could be extracted either by solvent extraction or 

mechanical process. 

Table 5. Fatty acid profile of Moringa oil (Leone et al., 2016) 

Components Proportion (%) 

Saturated fatty acids (SFA) 21.18±2.24 

Margaric acid (C17:0) 0.07±0.02 

Stearic acid (C18:0) 4.97±1.03 

Arachidic acid (C20:0)  3.23±0.70 

Behenic acid (C22:0) 6.02±0.75 

Lignoceric acid (C24:0) 0.36±0.63 

Cerotic acid (C26:0) 0.92±0.39 

Mono-unsaturated fatty acids (MUFA) 76.73±2.89 

Palmitoleic acid (C16:1) 1.37±0.63 

Oleic acid (C18:1) 73.57±3.38 

Gadoleic acid (C20:1) 1.81±0.85 

Erucic acid (C22:1) 0.11±0.06 

Poly-unsaturated fatty acids (PUFA) 1.18±0.50 

Linoleic acid (C18:2) 0.76±0.41 

Linolenic acid (C18:3) 0.46±0.74 

Irrespective of extraction process, the Moringa oil contains sterol comprising of β-

sitosterol, stigmasterol, campesterol and avenasterol. Therefore, Moringa oil could be 
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the substitute for olive oil for human food consumption in addition to its application 

for non-food usages such as biodiesel, cosmetics, lubricant for fine machineries etc. 

According to the Indian Ayurvedic claims, the Moringa oil possesses anti-tumor, 

anti-pyretic, anti-epileptic, anti-inflammatory, anti-ulcer, anti-spasmodic, anti-

oxidant, anti-bacterial, anti-fungal, cholesterol reducing, diuretic etc. 

CONCLUSION 

As Moringa oleifera could be grown and propagated with easy to do cultivation 

practices, initiatives should be taken for its large-scale extension activities with 

distribution of either seed or stem cuttings among the large population, both rural and 

urban setup. Owing to its richness with varieties of essential nutrients and bioactive 

molecules, tree parts (leaves, drumstick, flower, root) could be the used for solving 

health problems such as malnutrition, stunted growth, vitamin deficiency, mineral 

deficiency and lifestyle diseases. Stress is one that is faced by all classes of people 

across the world irrespective age group. As Moringa seed and leaves are rich in 

antioxidant, several value-added products could be generated to augment the stress. 

Taking into account the knowledge of traditional medicines coupled with growing 

demands of plant sourced bioactive molecules, the Moringa oleifera perfectly 

emerges as an ideal tree for extensive research and investigation for variety 

development, agronomic practices, harvesting protocol, value added product 

generation and testing, real time data on benefits of Moringa consumption, 

commercialization etc. 
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ABSTRACT 

Combined effects of plasma seed treatment and plasma activated waters 
(PAW) application on paddy was explored.  Low pressure (100 torr) glow 
oxygen discharge (LPGOD) plasma was used for seed treatment and 
germination test revealed that 90s seed treatment duration produced 
highest seed germination of ~96% which is the highest paddy seed 
germination rate obtained through plasma technology. Plasma activated 
water (PAW) was prepared with submerged atmospheric pressure air 
discharge plasma jet. PAW was sprayed 1-5 times to the paddy plants. 
Field study was divulged that: (a) seed germination percentage was 
increased by ~10.76% with respect to control; (b) plants growth 
parameters were enhanced because of combined consequences of 
plasma seed treatment along with PAW application; (c) defense 
mechanisms of plants were improved, (d) concentrations of total soluble 
protein and sugar were increased in the paddy grains, and (d) yield was 
enhanced by ~16.77%.  

Keywords: Plasma agriculture, Plasma activated water, Plant growth, 

Yield, Enzymatic activities. 

INTRODUCTION 

From the last decade, application of plasma technology (Junior et al., 2016) is, 

considered as green technology, fascinating researchers because of its prospective use 

in the improvement of agricultural yields (Mamunur et al., 2021). Several research 

groups have applied plasma activated water (PAW) for the improvement of seed 

germination rate (Kabir et al., 2019, Filatova et al., 2020), plants growth and yields. 

Reactive oxygen (ROS) and nitrogen species (RNS) play (Zhou et al., 2020) critical 

roles for enhancement of plant growth and functions as stimulator (Sajib et al., 2020) 

through generation of different signals. ROS and RNS (RONS) are produced (Rashid 

et al., 2021) in water because of interactions of plasma species with water. 
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It is known that, among the RNS,    
  provides one of the most required nutrients 

(Rashid et al., 2021) to the plants.    
  is also a composition of proteins, amino 

acids, and chlorophyll along with other cellular components and metabolites (Soriano 

et al., 2015). Controlled concentrations of      produce signals in activating 

proteins that plays roles in growth and development of plants (Sajib et al., 2020). 

Besides, PAW with both     ,     
  and other species also demonstrated pesticidal 

effect (Zhao et al., 2020). Previously, Rashid et al. (2021), demonstrated ~92% seed 

germination of paddy after treated with low pressure (LP) glow air discharge 

(LPGAD) plasma. This study was designed to explore the effect of plasma seed 

treatment in combination of foliar spray of PAW on seed germination, plant growth 

promotion and some biochemical properties of paddy seed at field. 

As far as it is known that this work is the first report where the combined, foliar spray 

of PAW was applied to paddy plants grown from LP glow oxygen discharge 

(LPGOD) plasma treated seeds, effects on plant growth, yield of rice and major 

nutrients total soluble protein (TSP) and total soluble sugar (TSS) of yielded paddy 

grains are studied in field condition.  

MATERIALS AND METHODS 

Paddy seeds (              ,                       ), used in this experiment 

were collected from the Regional Rice Research Institute, Rajshahi.  

Paddy seed treatment reactor 

A customized seed treatment plasma reactor (Rashid, M. et al., 2021) was used to 

treat the paddy seed in the present experiment. 100 paddy seeds were placed inside 

the reactor. Two ends of the reactor were covered with stainless steel circular disk 

electrodes. These electrodes were connected to the high voltage power supply. The 

reactor was placed within a bell jar. A rotary pump was used to maintain the inside 

pressure of the bell jar at 100torr during paddy seed treatment. A mixture of oxygen 

(99%) and argon (1%) were used as working gas for seed treatment. A sinusoidal 

bipolar variable power supply (voltage range: 1-10kV, frequency range: 0.5-10kHz) 

was used for the production of LPGOD plasmas.  

PAW preparation 

PAW was prepared using a water treatment reactor (Rashid et al., 2021). PAW was 

prepared with a customized air discharge plasma jet (Rashid et al., 2021). A 

monopolar pulsed variable power supply (1-10kV, 1-10kHz) was used for operating 

the plasma jet. Atmospheric compressed air (1lpm) was used as working gas for 

generating underwater air discharge plasma jet. 250ml distilled water was treated for 

10min to prepare PAW in a 500ml glass bottle. The RNS concentrations of the PAW 

were studied.  
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Estimation of PAW properties 

Distilled water was treated for preparing PAW for 10min and subsequently    and 

concentrations of   ,     ,    
  and    

  of PAW were measured.    was 

measured using a    meter. Concentrations of   ,     ,    
  and    

  of PAW 

were determined using the methods employed by Rashid et al. (2021). The 

concentrations of RONS and    of PAW were                   ,      
               ,    

                 ,    
                and 

            . 

Observation of seed surface morphology 

After seed treatment with LPGOD plasma, surface morphology of the seeds was 

studied using scanning electron microscope (SEM). The SEM images of the seed coat 

are shown in Fig. 1.  

Test of water imbibition and germination percentage 

100 paddy seeds were treated for the durations of 0 (control), 30, 60, 90, 120 and 

150s. Plasma treated seeds were then immersed in tap water for 24h in different petri 

dishes. Weights of seeds were recorded at 1, 2, 4, 8, 12, 16 and 24h of seed after 

immersion. Water imbibition (  ) of wet seeds was estimated employing the 

following formula (Roy et al., 2018) 

      
     

  
     

where    and    are the weights of dry and wet seeds, respectively. The results of 

water imbibition of seeds are displayed in Fig. 2(a). 

Eighteen hundred paddy seeds (                                     
              ) were selected randomly and classified into six groups (for 0 

(control), 30, 60, 90, 120, 150s treatment durations) following the method prescribed 

in      (International Seed Testing Association, Switzerland, 2018) for estimating 

seed germination percentage. Five groups (30, 60, 90, 120 and 150s) of paddy seeds 

were treated with LPGOD plasma. The treated seeds were placed in separate petri 

dishes covered with double-layer moistened filter papers. The seed containing petri 

dishes were incubated in dark incubator for   . Inside temperature and relative 

humidity of incubator were maintained at     and    , respectively. Required 

amount of water was supplied daily to filter papers for keeping seeds wet for 

germination. Seeds with 3.5mm radical length (approximately half of seed length) 

were considered as germinated seeds. Germinated seeds were counted at     

interval. Percentage of seed germination (  ) was calculated using the following 

formula 
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where     and    are the number of seeds germinated within 3 days and the total 

number of seeds, respectively. Results concerning germination percentage of paddy 

seeds are displayed in Figure 2(b). On the basis of seed germination result, 90s 

LPGOD plasma seed treatment condition was selected for field experiment. 

Field experiment 

90s LPGOD plasma treated and control seeds were submerged in tap water for    . 

Wet paddy seeds were extracted from water and enfolded with wet gunny bags for 

72h. 500g.m
-2

 seed was sown in previously prepared nursery bed. After 35d seedlings 

were transplanted in muddled plots. 500ml PAW was foliar sprayed at a time to each 

subplot (including 3 replications) and foliar spray of PAW were applied one to five 

times to subplots as per experimental conditions. PAW was sprayed to paddy plants 

within 20-50 DAT during their vegetative stage. The experiment was conducted 

according to RCB design. 

The field experiment was performed from February to May 2021 in Agricultural 

Research Project area, University of Rajshahi. Standard amount (as per instruction of 

Bangladesh Rice Research Institute, BRRI) of urea (   ) urea, triple super phosphate 

(   ) and murate of potash (   ) were applied to each subplot of area    . Urea 

was applied thrice: 50% was used at the time of muddled field preparation, 25% was 

used at 20 DAT, and the remaining 25% was used at 50 DAT.  

Estimation of plant growth and yield parameters  

The lengths of roots and shoots were measured at 70 DAT with a slide caliper and 

data were recorded. Roots and shoots were collected at 70 DAT and washed in tap 

water and dried for     at     and their corresponding dry-weights were registered 

with balance. Chlorophyll and carotene concentrations were estimated using the 

method described by Rashid et al. (2021). The yield contributing parameters such as 

length of panicle was measured and number of grains per panicle was counted 

randomly from collected panicles and then finally yield was estimated.  

Estimation of antioxidant enzymes, protein and sugar 

The concentrations of antioxidant enzymes: catalase (   ), superoxide dismutase 

(   ) and ascorbate peroxidase (   ), total soluble protein (   ) and total soluble 

sugar (   ) in roots, leaves and paddy grains were determined as described by 

Rashid et al. (2021). 

Statistical analyses  

Data were analyzed statistically taking the significance at        using one-way 

ANOVA using SPSS 16 software under Duncan’s Multiple Test Range (DMRT). 
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RESULTS AND DISCUSSION 

Combined effects on water imbibition and germination percentage 

LPGOD plasma seed treatment was improved the imbibition and paddy seed 

germination percentage (Fig. 2(a-b)). It is observed that the water imbibition 

increased with the increase of plasma treatment time. The maximum water imbibition 

was obtained for 150s  

 

          

                         (a)                                                                 (b) 

          

                         (c)                                                                 (d) 

Figure 1. Scanning electron microscopic (SEM) images for the inspection of 

consequences of surface texture of the paddy seeds (a) untreated seed, and 

seeds treated with low pressure GOD plasma for the durations of: (b) 60s, 

(c) 90 s, and (d) 150s, respectively.  
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Figure 2. Consequences of low pressure (100 Torr) glow oxygen discharge (GOD) 

plasma treatment of paddy seeds on (a) water imbibition and (b) seed 

germination percentage. Errors bars indicate standard errors of three 

replications. Letters represent statistically significant differences (p0.05). 

0 5 10 15 20 25

0

5

10

15

20

25

30

(a)

 

 

W
a
te

r 
im

b
ib

it
io

n
 (

%
)

Water uptake time (h)

 0 s (untreated); 

 30 s

 60 s

 90 s

 120 s

 150 s

0 30 60 90 120 150
0

2

4

6

8

80

85

90

95

100

105

bcdcd

a

cd

bc

d

 

 

S
e
e

d
s 

g
e
rm

in
a

te
d

 (
%

)

Seed treatment duration (s)

(b) 



PLASMA ACTIVATED WATER TREATMENT IN RICE 23 

LPGOD plasma treatment. It can be seen from Fig. 2(a) that 90s treatment period 
provided the best germination percentage (96%), which was ~10.76% higher than 
that of untreated seeds. Tanakaran et al. (2022) have investigated jasmine rice 

(cultivar) seed germination rate treated with glow discharge plasma and found a 
maximum of 92% germination rate, i.e., 22% increased germination with respect to 
control for 60s treatment using 30kV DC power supply. But, maximum 96% BRRI 
28 (cultivar) paddy seeds were germinated in the present experiment. The SEM 
images for 0 (untreated), 60, 90 and 150s treated seeds are presented in Fig.  1(a-d), 
respectively. A large number of trichomes (hair-like structure) were eradicated from 

seed husk because of plasma etching in compare to control (Fig. 1). Husks that 
contain lemma and lines of tubercules was partly removed because of plasma 
treatments most probably due to ROS plasma etching and thereby seed coat becomes 
smoothed and thinned.  

Billah et al. (2020) summarized the mechanism of increased seed water imbibition 
after plasma treatment as (i) adsorption of RONS onto paddy husk; (ii) diffusion 
through wider micropyles and finally (iii) trapping the RONS into trichomes, lemma, 
and irregular shaped paddy husk. Moreover, the thinner seed coat resulted from 
plasma etching also positively affected the entire process. Therefore, it could be 
assumed that the higher RONS concentrations plasma treated seeds increased the 

seed imbibition rate. Previously Hashizume et al., (2020), demonstrated rapid water 
absorption of seeds with higher RNS concentrations. One may expect that water 
imbibition as well as higher seed germination percentage can be improved owing to 
adsorption, diffusion and trapping of RONS in paddy husk.  

Combined effects on plant growth 

Combined effects of LPGOD plasma seed treatment along with foliar PAW spray 
improve plant height (PH), stem diameter (SD), dry weight (DW), chlorophyll and 
total carotene (TC) concentrations (Fig. 3(a-d)), respectively. The highest plant 

height, stem diameter and dry weight were        ,         and       , 
respectively, produced from the plants where      treatments were used as 
compared to that of control plants. Total chlorophyll and carotene concentrations are 
found         and         higher, respectively with respect to control, in plants 
where      treatments were applied. Interestingly, the growth parameters were 
improved, with increase of PAW application time. Improved plant growth can be 

attributed as follows. Plant growth parameters were improved because of LPGOD 
plasma seeds treatment. Further, as PAW contain higher concentrations of RNS 
(   

 ,    
 ) with respect to ROS (       ) during their preparations, RNS can 

transfer from PAW to paddy plants and thereafter relocate into plant tissues. Hence, 
one may conclude from the above arguments that LPGOD plasma with higher 
concentrations of RNS can likely be contributed (Hashizume et al., 2020) to 

increased plant growth. Besides, roots and leaves can intake more amino acids from 
excess RNS (   

 ,    
 ) through enzymatic conversion processes. Because    

  
actively participate in biochemical and physiological processes through regulating 
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signals (Maniruzzaman et al., 2017) for plant metabolism and developments. It is 
noted that applications of PAW did not show any negative impacts on plant growth 
and development. One may infer from the properties of PAW that paddy plants, 

where PAW were applied five times, are capable of absorbing higher concentrations 
of RONS containing species.  
 

       

         

Figure 3. Consequences of low pressure (100 torr) GOD plasma paddy seed treatment and 

foliar spray of plasma activated water (PAW) on plant (a) height (PH), (b) stem 

diameter (SD), (c) dry weight (DW) (measured at 25, 45 and 65 days after 

transplant (DAT)), and (d) chlorophyll and carotene concentrations (measured at 70 

DAT). (  and   , represent oxygen plasma treated seeds and   (=0, 1, …5) times of 

PAWs were applied, respectively). Error bars indicate standard errors of three 

replications. Letters represent statistically significant differences (p0.05). 

Combined effects on plant enzymatic activities, protein and sugar 

The integrated effects of plasma seed treatment and foliar spray of PAW enhance 

antioxidant enzymes CAT, APX and SOD, TSP and TSS extracted (at 70 DAT), and 

grains from the plants grown under different treatment conditions (Fig. 4(a-e)), 

respectively. The maximum CAT concentration (                            ) 
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is found in the      treated leaves, whereas, it is minimum (     

                        ) in the roots of control plants, respectively. Further, the 

maximum APX concentrations (                             ) is found in 

roots, whilst the minimum (                              ) is obtained in 

     treated leaves (Fig. 4(b)). Furthermore, maximum SOD concentrations of 

(                             ) is determined in the roots of untreated plants, 

whereas, it is found minimum (                              ) in the leaves of 

     treated plants (Fig. 4(c)).  
 

       

Figure 4.  Consequences of LPGOD (100 torr) plasma treatments of paddy seeds and 

applications of plasma activated water (PAW) as foliar spray on the 

concentrations of antioxidant enzymes in plant tissues: (a) catalase (CAT), (b) 

ascorbate peroxidase (APX), (c) superoxide dismutase (SOD) of roots and leaves 

of the rice plants; and (d) total soluble protein (TSP) and (e) total soluble sugar 

(TSS) in roots and leaves of rice plants (measured at 70 DAT) and in grains. 

Antioxidant enzymes protect plants from environmental stresses (Yodpitaka et al., 

2019). Besides, CAT is an imperative enzyme that plays one of the most important 

roles in initial stage of seed germination and then peroxidase complements seedling 

growth. The present investigation demonstrated the reduction of CAT activities in 

roots and leaves with elevated applications of PAW. Kucerova et al. (2018) have also 

found reduced CAT concentration which is consistent with the result of the present 

work. Concentration of CAT is found highest in control plants compared to that of 

PAW treated plants. APX acts as catalyzer to detoxification of ROS through 

conversion of H2O2 into H2O utilizing ascorbate as electron donor. The 
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concentrations of APX are reduced in roots, while it is enhanced in leaves with 

increasing number of PAW applications (Fig. 4(b)). Enhanced APX in leaves 

detoxified elevated concentrations of ROS during vegetative stages (20 to 50 DAT) 

of paddy plant growth cycle (Kučerová et al., 2018). SOD concentrations are 

decreased both in roots and leaves of plants with the increase of PAW application 

time. Besides, higher concentration of SOD are observed in roots compared to leaves. 

SOD acts as key intermediary enzymes that provides defense against oxidative stress 

as generated by ROS in plant cells. This finding is in accord with the finding of 

Kučerová et al. (2018). SOD concentrations are reduced in roots with enhanced 

applications of PAW; on the contrary it is increased in leaves. It is noted that CAT 

and SOD are decreasing both in roots and leaves in PAW treated plants due to 

enhanced concentrations of nitrate and nitrite as compared to control plants. This 

finding is in agreement with the result obtained by Maniruzzaman et al. (2017). In 

conclusion, higher concentrations of RNS may provide better defense to plants 

against both biotic and abiotic stresses.  

The combined application of plasma seed treatment and PAW spraying significantly 

affect the concentrations of TSP and TSS in paddy grain, leaf and root.      

treatment provided the highest TSP in leaves (           ) and grains 

(         ) compared to the control. Similarly, the highest TSS also produced in 

leaves (           ) and grains (         ) in the same treatment applied plot. 

The untreated control provided the lowest TSP (           ) and TSS 

(           ). Alternatively in root the lowest TSP (           ) and TSS 

(           ) was recorded from P +PAW5 treated plot. Interestingly, the roots 

of untreated control plot provided the highest amount of TSP (           ) and 

TSS (             Therefore, concentrations of TSS are enhanced by      and 

    in leaves and grains, respectively, for combined consequence of     . 

Both TSP and TSS of leaves and grains are increased when PAW sprayed in the 

seedling/plant germinated from the plasma treated seeds in field condition. Moreover, 

the concentrations of both TSP and TSS are increased with increasing number of 

sprays. It was mentioned earlier that PAW provides a significant amount of RONS 

such as,    
 ,    

  and      directly to the leaves which is one of the significant 

varieties of nitrogen that plants can absorb. RNS is one of the most indispensable 

compositions for the creation of protein. Around 50% of total nitrogen present in the 

leaves and stem tissues are used for the synthesis of amino acids, proteins, 

metabolites and starch (Perchlik et al. 2018; Li et al. 2018). Later, these synthesized 

protein and starch could translocate to the grain (Tang et al. 2009). Sucrose synthase 

is considered as an important enzyme that catalyzes the transformation of sucrose 

into starch (Kumari et al., 2016). This result is consistent with the finding of Tang et 

al. (2009). Consequently, one may infer from the above arguments that enhanced 

PAW application may be responsible for enhancement of sucrose and afterward the 

paddy grains become enriched with higher concentration of sugar. 
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TSS concentration is reduced in roots to some extent whilst it is sharply improved in 

leaves with increasing number of PAW application in contrast to that of control. The 

level of exogenous sugar concentration (Fig. 4(e)) is improved in paddy plants where 

     treatments were applied with respect to that of control. Leaves bear elevated 

concentration of TSS as compared to that of roots. It is noteworthy that maximum 

concentration of TSS is accumulated in paddy grains through      treatments. 

This result is in agreement with the result of Ozaki et al. (2009). Therefore, 

depending on this finding concerning enhanced TSS concentration in paddy grains, 

one may infer that concentration of TSS is increased in paddy grains due to enhanced 

applications of PAW as it contains high concentration of H2O2.  

Combined effects on yield 

Combined consequences of seed treatment and foliar spray of PAW increase the 

yield related characters and yield of paddy (Fig. 5(a-b)). The highest panicle length 

(        ) and grain/panicle (   ) were produced by       treated plot 

compared to that of control plot (         and    for panicle length and 

grain/panicle, respectively) (Fig. 5(a)). The maximum (22.14g) and minimum 

(18.43g) 1000-grain weights were recorded from      treated and untreated plants, 

respectively. Similarly, the maximum and minimum yields (     and            ), 

were calculated from      treated and untreated paddy plants, respectively. Since, 

1000-grain weight and yield are enhanced by      and       , respectively, due 

to combined plasma applications (Fig. 5(b)). 

 

Figure 5.  Consequences of LPGOD plasma treatments of paddy seed and applications of 

plasma activated water (PAW) as foliar spry on (a) length of panicle (PL) and grain 

per panicle (G.P
-1

), and (b) 1000-grain weight (GW) and yield of paddy. 
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However, results obtained in this experiment regarding yield can be compared with 

our previous work (Mamunur et al., 2021). They have studied combined effects: (a) 

paddy seeds were treated with glow air discharge (LPGAD) plasma and maximum 

seed germination percentage was      for the treatment duration of 90s, and (b) 

PAW were prepared with air discharge plasma jet for treatment duration of 15min 

and applied to paddy plants. They have found         enhanced yield. But in the 

present experiment, maximum seed germination percentage was      for 90s 

treatment and yield of paddy is increased by ~16.77% where      treatment was 

applied with respect to control. Therefore, seed germination rate is 4% higher in 

LPGOD plasma with respect to LP air plasma. Grain yield is ~0.6% is higher due to 

combined effects of LPGOD plasma treated seeds along with PAW foliar 

applications with respect to LP air discharge plasma seed treatment along with PAW 

application. Further investigations needed to draw conclusive remarks for 

enhancement of paddy seed germination, growth, enzymatic activities and yield as an 

alternative of foliar spray of urea. 

CONCLUSION 

The combined effects of plasma seed treatment and PAW foliar spray enhanced seed 

germination percentage, enzymatic activities, yield contributing characters and yield 

of rice.  Enhancement of these parameters are likely to be responsible for RONS as 

produced in LPGOD plasma and PAW. Yield of paddy grains is increased by 

~16.77% with respect to control, due to combined applications of plasma seed 

treatment and PAW foliar spray. This is a resource effective technology that can be 

applied in Bangladesh. This could increase water use efficiency and reduce urea 

application. Besides, it could provide high protein content in rice. Finally, field level 

applications require large scale field investigation along with economic analyses.  

REFERENCES 

Billah, M., Sajib, S.A., Roy, N.C., Rashid, M.M., Reza, M.A., Hasan, M.M. and Talukder, 

M.R. (2020). Effects of DBD air plasma treatment on the enhancement of black gram 

(Vigna mungo l.) seed germination and growth. Archives of Biochemistry and 

Biophysics, 681:108253-10.  

Caverzan, A., Passaia, G., Rosa, S.B., Ribeiro, C.W., Lazzarotto, F. and Margis-Pinheiro, M. 

(2012). Plant responses to stresses: Role of ascorbate peroxidase in the antioxidant 

protection. Genetics and Molecular Biology, 35(4):1011-1019.  

Filatova, I., Lyushkevich, V., Goncharik, S., Zhukovsky, A., Krupenko, N. and Kalatskaja, J. 

(2020). The effect of low-pressure plasma treatment of seeds on the plant resistance to 

pathogens and crop yields. Journal of Physics D: Applied Physics, 53:244001-9.  

Hashizume, H., Kitano, H., Mizuno, H., Abe, A., Yuasa, G., Tohno, S., Tanaka, H., Ishikawa, 

K., Matsumoto, S., Sakakibara, H., Nikawa, S., Maeshima, M., Mizuno, M. and Hori, 

M., (2020) Improvement of yield and grain quality by periodic cold plasma treatment 

with rice plants in a paddy field. Plasma Processes and Polymers, e2000181: 1-11. 



PLASMA ACTIVATED WATER TREATMENT IN RICE 29 

International Seed Testing Association (ISTA), Zurichstr. 50, CH-8303, Bassersdorf, 

Switzerland, 2018.  

Junior, C.A., Vitoriano, J.O., da Silva, D.L., Farias, D.L.M. and Dantas, L.N.B. (2016). Water 

uptake mechanism and germination of Erythrina velutina seeds treated with 

atmospheric plasma. Scientific Reports, 6:33722. 

Kabir, H., Rahman, M.M., Das, U., Sarkar, U., Roy, N.C., Reza, M.A., Talukder, M.R. and 

Uddin, M.A. (2019). Reduction of cadmium toxicity in wheat through plasma 

technology. PLoS ONE, 14(4): e0214509-16.  

Kumari, M. and Asthir, B. (2016). Transformation of sucrose to starch and protein in rice 

leaves and grains under two establishment methods. Rice Science, 23(5) 255-265.  

Kučerová, K., Henselová, M., Slováková, Ľ. and Hensel, K. (2018). Effects of plasma 

activated water on wheat: Germination, growth parameters, photosynthetic pigments, 

soluble protein content, and antioxidant enzymes activity. Plasma Processes and 

Polymers,16: e1800131-14.   

Li, G., Hu, Q., Shi, Y., Cui, K., Nie, L., Huang, J. and Peng, S. (2018) Low nitrogen 

application enhances starch-metabolizing enzyme activity and improves accumulation 

and translocation of non-structural carbohydrates in rice stems. Frontiers in Plant 

Science, 9:1128. 

Maniruzzaman, M., Sinclair, A.J., Cahill, D.M., Wang, X. and Dai, X.J. (2017). Nitrate and 

hydrogen peroxide generated in water by electrical discharges stimulate wheat seedling 

growth. Plasma Chemistry and Plasma Processing, 37:1393-1404.  

Ozaki, K., Uchida, A., Takabe, T., Shinagawa, F., Tanaka, Y., Takabe, T., Hayashi, T., 

Hattori, T., Rai, A.K. and Takabe, T. (2009). Enrichment of sugar content in melon 

fruits by hydrogen peroxide treatment. Journal of Plant Physiology, 166:569-578.  

Perchlik, M. and Tegeder, M. (2018). Leaf amino acid supply affects photosynthetic and plant 

nitrogen use efficiency under nitrogen stress plant physiology. Plant physiology, 

178:174-188. 

Poli, Y., Nallamothu, V., Balakrishnan, D., Ramesh, P., Desiraju, S., Mangrauthia, S.K., 

Voleti, S.R. and Neelamraju, S. (2018). Increased Catalase Activity and Maintenance 

of Photosystem II Distinguishes High-Yield Mutants From Low-Yield Mutants of Rice 

var. Nagina22 Under Low-Phosphorus Stress. Frontiers in Plant Science, 9:1543. 

Rashid, M., Rashid, M.M., Reza, M.A. and Talukder, M.R. (2021). Combined Effects of Air 

Plasma Seed Treatment and Foliar Application of Plasma Activated Water on 

Enhanced Paddy Plant Growth and Yield. Plasma Chemistry and Plasma 

Processing, 41:1081-1099 

Roy, N.C., Hasan, M.M., Kabir, A.H., Reza, M.A., Talukder, M.R. and Chowdhury, A.N. 

(2018). Atmospheric pressure gliding arc discharge plasma treatments for improving 

germination, growth and yield of wheat. Plasma Science and Technology. 20:115501-11. 

Sajib, S.A., Billah, M., Mahmud, S., Miah, M., Hossain, F., Omar, F.B., Roy, N.C., Hoque, 

K.M.F., Talukder, M.R., Kabir, A.H. and Reza, M.A. (2020). Plasma activated water: 

the next generation eco-friendly stimulant for enhancing plant seed germination, vigor 

and increased enzyme activity, a study on black gram (Vigna mungo L.). Plasma 

Chemisty and Plasma Processing, 40:119-143. 



30 Rashid et al. 

Soriano, D., López, S., Sánchez, E.Z., Segovia, A.O. and Buen, A.G. (2015). Analysis of 

nitrogen seed reserves of ten tree species of the tropical dry forest. South African 

Journal of Botany, 97:149-153.  

Tang, T., Xie, H., Wang, Y., Lu, B. and Liang, J. (2009). The effect of sucrose and abscisic 

acid interaction on sucrose synthase and its relationship to grain filling of rice (Oryza 

sativa L.). Journal of Experimental Botany, 60(9):2641-2652.  

Tanakaran, Y. and Matra, K. (2022) The Influence of Atmospheric Non‑ thermal Plasma on 

Jasmine Rice Seed Enhancements. Journal of Plant Growth Regulation, 41:178-187. 

Yang, Y., Rao, Y., Xu, J., Shao, G., Leng, Y., Huang, L., Wang, L., Dai, L., Zhang, G., Hu, J., 

Zhu, L., Li, C., Gao, Z., Guo, L., Qian, Q. and Zeng, D. (2014). Genetic analysis of 

sugar-related traits in rice grain. South African Journal of Botany, 93:137-141. 

Yadav, S. and Kanwar, R.S. (2018). Effect of Higher Doses of Fertilizers and Spray of Urea, 

Zn and Kinetin on Damage Potential of Heteroderaavenae in Wheat. Plant Pathology 

Journal, 17(1):33-38.  

Yodpitak, S., Mahatheeranont, S., Boonyawand, D., Sookwonga, P. and Roytrakul, S., 

Norkaewa, O. (2019). Cold plasma treatment to improve germination and enhance the 

bioactive phytochemical content of germinated brown rice. Food Chemistry, 289:328-

339. 

Zhao, Y.-M., Ojha, S., Burgess, C.M., Sun, D.W. and Tiwari, B.K. (2020). Inactivation 

efficacy and mechanisms of plasma activated water on bacteria in planktonic state. 

Journal of Applied Microbiology, 129: 1248-1260.  



SAARC J. Agric., 20(2): 31-42 (2022)  DOI: https://doi.org/10.3329/sja.v20i2. 63449   

APPRAISEMENT OF GENETIC VARIABILITY AND 

CHARACTER ASSOCIATION OF KENAF (Hibiscus cannabinus) 

J. Ahmed
1
, F. Mahmud

1
, S. Sultana

2*
 and M. Shamsuzzaman

2 

1
Department of Genetics and Plant Breeding, Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka, Bangladesh. 
2
 Department of Biochemistry, Faculty of Agriculture, Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka, 

ABSTARCT 

Twenty five genotypes of Kenaf (Hibiscus cannabinus L.) from different 
geographic origins were grown at the Central Jute Agricultural 
Experiment station of Bangladesh Jute Research Institute (BJRI), Jagir, 
Manikganj to study their variability, correlation for nine morphological 
characters. Significant variation was found for all the characters among 
the genotypes. PCV was greater than GCV and high GCV values were 
observed for green weight with leaves, green weight without leaves, stick 
weight and fibre weight. The high heritability (more than 85%) coupled 
with high genetic advance in percent of mean were observed for most of 
the traits. All the characters except green bark thickness and internode 
length showed significant and positive correlation with fibre weight. Path 
co-efficient analysis revealed that green weight with leaves, green weight 
without leaves, green bark thickness and stick weight showed positive 
direct effect on fibre yield. Considering these agronomic performance 
genotypes G22 and G25 are suggested for future hybridization program. 

Keywords: Hibiscus cannabinus, Genetic advance, Heritability, 
Interrelationship, Path coefficient. 

INTRODUCTION 

Kenaf (Hibiscus cannabinus), a fast-growing plant in the Malvaceae family, and its 

fibre, one of the bast fibre group. It is primarily used as a jute substitute. Kenaf is 

native to Africa, but it is grown all over the world. Kenaf grows quickly, producing a 

lot of biomass and serving as a source of multipurpose fiber (Arbaoui et al., 2016). 

Kenaf is an allotetraploid (2n=4x=72) plant. It is an annual or biennial herbaceous 

plant (rarely a short-lived perennial) with a woody base that grows to 1.5-3.5 m tall 

(Dempsey, 1975 Only two Hibiscus species, kenaf (Hibiscus cannabinus L.) and 

Roselle (Hibiscus sabdariffa L. var. altissima), are economically significant for pulp 
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and paper manufacture despite the fact that there are over 50 Hibiscus species that 

grow in tropical and subtropical conditions on every continent. (Rowell et al., 1997). 

Kenaf is getting prominence as a fiber crop in Bangladesh, with reports indicating 

that it is grown on approximately 0.04 million hectares of land (Mostafa, 2012). 

During the growing season, kenaf can reach a height of 14 to 18 feet and produce 5 to 

10 tons of dry fiber (bast and core fibers) per acre (Islam, 2019). Kenaf has the 

capability to produce a high yield even in fallow and char lands with poor soil health 

(Hiron, 2007). 

The plant is one of the most valuable crops grown for the production of smooth fiber. 

It has high air permeability, antibacterial properties, and biological properties like 

salinity tolerance, drought resistance, adaptability, and yield. (M. Al-Mamun et.al., 

2020). Traditionally, kenaf has been grown primarily for its fiber, which is used to 

make sacks, ropes, carpets, and canvases. (M. Al-Mamun et.al., 2020). 

Manufacturing of kenaf products has been reported to evaluate for textiles and 

discovered as additional potential uses that can benefit Bangladesh's national 

economy. (Paridah, 2017). Although the Bangladesh Jute Research Institute has 

identified several new kenaf genotypes, yield varies throughout all Bangladesh's 

agro-ecological zones (Islam, 2019). BJRI has over 6031 germplasm of exotic and 

indigenous Jute, Kenaf, Tosha, and Mesta. (BJRI, 2021). Kenaf seeds produce a 

vegetable oil that is edible. Kenaf oil is high in omega polyunsaturated fatty acids 

(PUFAs), which are thought to be beneficial to cardiovascular health. Its dried stems 

are also used as fuel, fencing, match sticks, and vegetable climbing sticks (BJRI, 

1993). It can contribute to a country's economic development by creating job 

opportunities and earning foreign currency. The country’s yearly total export 

earnings from jute and jute goods are 9.17 crore taka in 2020-21 of which 1.26 crore 

taka was obtained from raw jute. The contribution of jute is about 4% in GDP and 

earns about 5% of foreign exchange in 2019 (BBS, 2021). 

The development of new kenaf varieties that produce high biomass is critical for the 

successful cultivation of kenaf. Any crop's genetic improvement is dependent on the 

presence of initial genetic variability in the population. As a result, knowledge of the 

initial variability as well as the degree and direction of correlation among yield 

attributes is required for genetic improvement of economic yield through selection 

approaches in a diverse genotype population. If environmental factors change, the 

yield and quality of Kenaf fiber may vary (Mantineo et al., 2009). Yield is a 

complicated character, and improving it is dependent on some yield contributing 

traits. Path analysis assists in determining the true contribution of these traits to yield. 

Prior to beginning a breeding program, knowledge and identification of differences 

among available germplasm are required for the selection of appropriate genetic 

resources adapted to specific environments. Similarly, commercial cultivation 

selection and recommendation is only appropriate after thorough research and 

information. As a result, this study conceptualized the presence of genetic variation 
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among genotypes, the degree and direction of relationship between yield and yield 

contributing characters, the direct and indirect contribution of yield contributing traits 

on yield, and the superior genotypes for use in future breeding programs. 

MATERIALS AND METHODS 

Experimental site 

The research work relating to genetic variability and character association in kenaf 

(Hibiscus cannabinus L.) was conducted with 25 kenaf genotypes at Central Jute 

Agricultural Experiment Station of Bangladesh Jute Research Institute (BJRI), Jagir, 

Manikganj. 

Experimental materials 

Twenty five genotypes of Hibiscus cannabinus L. were taken as experimental 

material. The seeds were collected from the gene bank of Bangladesh Jute Research 

Institute (BJRI), Dhaka. The seeds were physically healthy and genetically pure. The 

name and origin of these genotypes are presented in Table 1. 

 Design and layout of the experiment 

The experiment was carried out in Randomized complete block design (RCBD) with 

three replications. The genotypes were distributed into every plot of each block 

according to layout of the experiment. The individual plot was 3 m × 1 m in size. The 

twenty-five genotypes of the experiment were assigned at random into plots of each 

replication. The spacing distance maintained as row to row 30 cm and plant to plant 

5-7 cm. The distance maintained between two lines was 3 m. 

Data Collection 

The following data on nine morphological characters viz., base diameter (mm), no. of 

nodes per plant, internode length (cm), green weight with leaves (g), green weight 

without leaves (g), green bark thickness (mm). dry stick weight (g) and dry fiber 

weight (g) were recorded from 5 randomly selected plants of each genotype from 

each replication during the experiment. 

Statistical analyses 

Genotypic and phenotypic variances were estimated according to the formula given 

by Johnson et al. (1955), genotypic and phenotypic co-efficient of variation were 

calculated by the formula suggested by Burton (1952), broad sense heritability was 

estimated by Lush (1943) through the formula, suggested by Johnson et al. (1955),  

H
2
 = VG/VP, where, H

2 
= Broad-sense heritability, 2

g = Genotypic variance 


2

p = Phenotypic variance 

genetic advance as percentage of mean was calculated from the formula as proposed 

by Comstock and Robinson (1952), for calculating the genotypic and phenotypic 

correlation co-efficient for all possible combinations, the formula suggested by Miller 
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et al. (1958), path co-efficient analysis was done according to the procedure 

employed by Dewey and Lu (1959) also quoted in Singh and Chaudhary (1985) using 

simple correlation values. All statistical analyses were carried out using MSTATC. 

Table 1. Name and origin of 25 selected genotypes of Kenaf 

Genotype No. Accession Origin/Country name 

G1 BJRI Kenaf 3 (HC-3) Check (Australia) 

G2 Acc-1653 (HC 95) Check (Iran) 

G3 Acc-1583 USA 

G4 Acc-1585 USA 

G5 Acc-1589 USA 

G6 Acc-1592 USA 

G7 Acc-1593 USA 

G8 Acc-1594 USA 

G9 Acc-1611 Iran 

G10 Acc-1612 Iran 

G11 Acc-1626 Iran 

G12 Acc-1633 Iran 

G13 Acc-3741 Kenya 

G14 Acc-3746 Kenya 

G15 Acc-4622 USA 

G16 Acc-4623 USA 

G17 Acc-4627 USA 

G18 Acc-4718 USA 

G19 Acc-4750 USA 

G20 Acc-4823 Kenya 

G21 Acc-1575 Pakistan 

G22 Acc-1607 Iran 

G23 Acc-4415 (PI-329192) Elsalvador 

G24 Acc-1576 Pakistan 

G25 Acc-1876 Kenya 

RESULTS AND DISCUSSION 

The data on yield and its contributing characters of 25 kenaf genotypes were 

statistically analyzed and the analysis of variance indicated higher amount of 

significant variability among the genotypes for all the characters studied such as plant 

height, base diameter, number of nodes per plant, internode length, green weight with 
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leaves per plant, green weight without leaves per plant, green bark thickness, dry 

stick weight and dry fibre weight (Table 2). The variation due to replication was non-

significant for all the characters studied. This variation might be due to the diverse 

geographic origin and distribution of genotypes. 

Table 2. Analysis of variance for different characters of kenaf genotypes 

** indicate significant at the 0.01 level 

PH = Plant height (m), BD = Base diameter (mm), NPP = Number of nodes per plant, IL = Internode length 

(cm), GWL = Green weight with leaves per plant (g), GWWL = Green weight without leaves per plant (g), 

GBT = Green bark thickness (mm), SW = Stick weight (g) and FW = Fibre weight (g). 

Genetic Variability  

Results of analysis of variance of the studied data on different yield components of 

25 Kenaf genotypes summarized in Table 2. The analysis of variance indicated 

higher amount of significant variability among the genotypes for all the characters 

studied. The estimates of mean, range, genotypic and phenotypic coefficients of 

variation, heritability, genetic advance and genetic advance in percent mean for all 

the characters were studied and the results are presented in Table 3.  A narrow range 

of difference between the phenotypic coefficient of variation and genotypic 

coefficient of variation for all the characters that studied indicating less 

environmental influence. Here, selection will be effective on the basis of phenotype. 

Significant variation also observed for these traits was cited by Samsal and 

Chakrabarty (1978) in kenaf. Joseph (1974) and Chaudhury et al. (1981) noted that 

green weight and fibre weight showed higher genetic variability in Corchorus 

capsularis.  

All the characters except base diameter had more than 90% heritability (Table 3). 

Number of nodes per plant, green weight with leaves per plant, green weight without 

leaves per plant and stick weight showed high genetic advance. These characters 

expressed also high heritability with their phenotypic coefficient of variation. These 

results revealed that most likely heritability was due to additive gene effects. Mostofa 

et al. (2002) also reported the highest heritability for base diameter in Tossa Jute. 

Higher heritability was found for the plant height were reported by Dutta et al. 

Source Df Mean sum of square 

PH BD NPP IL GWL GWWL GBT SW FW 

Replication 2 0.000 3.539 11.853 0.004 91.240 79.053 0.012 2.520 1.213 

Treatment 24 0.148** 15.751** 191.835** 0.577** 21,318**    12,649**    0.150** 330.60** 41.858** 

Error 48 0.001 0.853 3.867 0.014 44.017 31.039 0.002 4.783 0.352 

CV%  1.24 4.81 2.94 3.00 2.57 2.64 2.53 6.20 4.23 
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(1973). Plant height, base diameter, number of nodes per plant, internode length and 

green bark thickness showed moderate genetic advance over percentage of mean. 

High heritability coupled with moderate genetic advance for plant height indicating 

the predominance of additive gene effects on plant height. Chaudhury et al. (1981) 

observed the same findings in plant height of Tossa Jute. The heritability estimate 

was high 94.42 percent with moderate genetic advance over mean of 20.86 percent 

could be noted (Table 3). This notifies that additive genes are predominant for green 

bark thickness. So, we have to improve this trait before using it in breeding program. 

Table 3. Estimation of genetic parameters for nine characters in 25 Kenaf genotypes 

Characters 


p 


g 


e PCV GCV ECV Heritability 
Genetic 

advance (5%) 

Genetic advance 

(% mean) 

PH 0.05 0.05 0.00 9.36 9.28 1.24 98.23 0.45 18.94 

BD 5.82 4.97 0.85 12.56 11.61 4.81 85.33 4.24 22.08 

NPP 66.52 62.66 3.87 12.21 11.85 2.94 94.19 15.82 23.69 

IL 0.20 0.19 0.01 11.41 11.01 3.00 93.08 0.86 21.88 

GWL 7135.4 7091.3 44.02 32.76 32.65 2.57 99.38 172.94 67.06 

GWWL 4237.1 4206.0 31.04 30.89 30.78 2.64 99.27 133.11 63.17 

GBT 0.05 0.05 0.00 10.72 10.42 2.53 94.42 0.44 20.86 

SW 113.39 108.61 4.78 30.18 29.54 6.20 95.78 21.01 59.55 

FW 14.19 13.84 0.35 26.85 26.52 4.23 97.52 7.57 53.95 

PH = Plant height (m), BD = Base diameter (mm), NPP = Number of nodes per plant, IL = Internode 

length (cm), GWL = Green weight with leaves per plant (g), GWWL = Green weight without leaves per 

plant (g), GBT = Green bark thickness (mm), SW = Stick weight (g), FW = Fibre weight (g), PCV = 

Phenotypic coefficient of variation, GCV = Genotypic coefficient of variation and ECV = Environmental 

coefficient of variation. 

Character Association 

Yield is the result of combined effect of several components and environment. 

Understanding the interaction of characters among themselves and with environment 

have been of great use in the plant breeding. Correlation studies provide information 

on the nature and extent of association between only two pairs of metric characters. 

Genotypic and phenotypic correlation coefficients among 10 characters are presented 

in Table 4. In most instances, there was a close agreement between genetic 

correlations and phenotypic correlations. The results of correlation analysis showed 

that all characters were positively correlated with fiber weight except internode 

length and green bark thickness (rg = -0.556, rp = -0.523 and rg = -0.428, rp= -0.353) 

(Table 4). The characters viz. plant height, base diameter, number of nodes per plant, 

green weight with leaves, green weight without leaves and stick weight appeared to 

be predominant consideration for fibre yield as they exhibited highly significant 
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correlation with fibre weight and among themselves. Therefore, selection based on 

these characters bring out improvement towards enhancing the fibre yield in kenaf. 

These results were supported by Chaudhury et al. (1981) and Singh (1970). Pervin 

and Haque (2012), studied eleven genotypes of Deshi Jute and reported that fibre 

yield per plant was significantly positively correlated with plant height, base 

diameter, green weight and stick weight. Green bark thickness showed nonsignificant 

and negative correlation with stick weight (-0.177 and -0.111) at both genotypic and 

phenotypic level (Table 4). The rp value is smaller than rg value showing that the 

apparent association between the green bark thickness and stick weight was mainly 

for genes. Fibre yield per plant was positively and significantly correlated with plant 

height, base diameter, green weight with leaves and stick weight. Similar relationship 

was also reported in white jute and kenaf. Similar relationship was also reported in 

white jute and kenaf (Alam et al., 2015). In general, most of the characters showed 

Table 4.  Genotypic and phenotypic correlation coefficients among different pairs of 

yield andyield contributing characters in Kenaf 

Characters rg/ rp BD (mm) NPP IL(cm) GWL (g) GWWL (g) GBT 
(mm) 

SW (g) FW (g) 

PH (m) rg 0.819** 0.831** -0.943** 0.843** 0.869** -0.016 0.800** 0.665** 

 rp 0.736** 0.794** -0.909** 0.819** 0.835** -0.001 0.761** 0.643** 

BD (mm) rg  0.766** -0.837** 0.907** 0.920** -0.175 0.894** 0.858** 

 rp  0.716** -0.719** 0.830** 0.845** -0.085 0.824** 0.769** 

NPP rg   -0.899** 0.746** 0.791**  0.177 0.788** 0.586** 

 rp   -0.844** 0.737** 0.780** 0.235* 0.756** 0.556** 

IL (cm) rg    -0.739** - 0.779** -0.079 -0.756** -0.556** 

 rp    -0.703** - 0.736** -0.090 -0.702** -0.523** 

GWL (g) rg     0.993** -0.225* 0.905** 0.854** 

 rp     0.991** -0.147 0.884** 0.848** 

GWWL(g) rg      -0.184 0.928** 0.852** 

 rp      -0.091 0.902** 0.841** 

GBT(mm) rg       -0.177 -0.428** 

 rp       -0.111 -0.353** 

SW (g) rg        0.909** 

 rp        0.897** 

** indicate significant at 1% * indicate significant at 5% 

PH = Plant height (m), BD = Base diameter (mm), NPP = Number of nodes per plant, IL = Internode 

length (cm), GWL = Green weight with leaves per plant (g), GWWL = Green weight without leaves per 

plant(g), GBT = Green bark thickness (mm), SW = Stick weight (g), FW = Fibre weight (g), PCV = 

Phenotypic coefficient of variation, GCV = Genotypic coefficient of variation and ECV = Environmental 

coefficient of variation 
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that the genotypic correlation co-efficient were higher than the corresponding 

phenotypic correlation co-efficient. the strong genetical association of this traits 

having low environmental interaction. Manjunatha and sheriff (1991) found positive 

association among the characters in Kenaf. 

Path Co-efficient 

Path coefficient analysis measures the direct influence of one variable upon other. 

Such information would be of great value in enabling the breeder to specifically 

identify the important component traits of yield and utilize the genetic stock for 

improvement in a planned way. The direct effect of a trait on fibre weight and its 

indirect effect through other characters were computed and the results are presented 

in Table 5. 

Fibre weight per plant showed the highest positive direct effect (8.61) with green 

weight without leaves per plant. Green weight with leaves, green bark thickness and 

stick weight also showed positive direct effect on fibre weight indicating that direct 

selection for this trait might be effective and there is a possibility of improving fibre 

weight through selection based on those characters. On the other hand, negative 

direct effect on fibre weight was showed by plant height (-10.63), base diameter       

(-7.49), number of node (-5.56) and internode length (-13.08) (Table 5). The highest 

indirect effect of fibre weight was observed with plant height via internode length. 

Akter et al. (2005); reported that fresh weight without leaves had highest direct effect 

on fibre yield in Jute. 

Table 5. Path coefficient analysis of different characters of kenaf 

Parameters Direct 

effect 

Indirect effect via  Genotypic 

correlation 

with yield 
PH BD NPP IL GWL GWWL GBT SW 

PH -10.63 - -6.14 -4.62 12.33 0.87 7.48 0.00 1.37 0.665** 

BD -7.49 -8.71 - -4.26 10.94 0.94 7.92 -0.03 1.53 0.858** 

NPP -5.56 -8.84 -5.74 - 11.75 0.77 6.81 0.03 1.35 0.586** 

IL -13.08 10.03 6.27 5.00 - -0.77 -6.71 -0.01 -1.29 -0.556** 

GWL 1.04 -8.96 -6.79 -4.15 9.66 - 8.55 -0.03 1.55 0.854** 

GWWL 8.61 -9.24 -6.89 -4.40 10.19 1.03 - -0.03 1.59 0.852** 

GBT 0.16 0.17 1.31 -0.98 1.03 -0.23 -1.58 - - 0.30 -0.428** 

SW 1.71 -8.51 -6.70 -4.38 9.88 0.94 7.99 -0.03 - 0.909** 

Residual effect: 0.357 

** indicate significant at 1%., * indicate significant at 5%. 

PH = Plant height (m), BD = Base diameter (mm), NPP = Number of nodes per plant, IL = Internode 

length (cm), GWL = Green weight with leaves per plant (g), GWWL = Green weight without leaves per 

plant (g), GBT = Green bark thickness (mm), SW = Stick weight (g). 
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The genotypic correlation with fibre yield per plant was positive and considerably 

higher in magnitude except internode length and green bark thickness which was 

significant but negative.  Das (1987), conducted an experiment where plant height 

followed by base diameter, leaf area had a positive effect on fibre yield. The value of 

residual effect was 0.357. It indicated that beside the characters studied, there were 

some other attributes (approx. 35.7%) which contributed towards fibre yield in kenaf. 

CONCLUSION 

Considering heritability, genetic advance, genetic advance in percentage of mean, 

correlation, path coefficient analysis for the characters under study, and comparing 

on the basis of agronomic performance, genotypes G22 and G25 could be included in 

a future study to improve kenaf fibre yield as green weight with leaves, green weight 

without leaves, stick weight and fibre weight showed positive results of these 

genotypes. Fibre yield per plant can be increased by improving the characters such as 

plant height, base diameter, number of nodes per plant, green weight with leaves, 

green weight without leaves, stick weight selection based on characters such as green 

weight with leaves, green weight without leaves, stick weight, and fibre weight could 

be effective for kenaf yield improvement. 
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ABSTRACT 

Genetic identification of cultivars and varieties is useful in preserving 
endangered potato germplasm and planning for new breeding programs. 
Molecular characterization and genetic diversity of 10 local potato 
genotypes of Bangladesh were investigated with five RAPD primers, 
namely OPA-18, OPB-06, OPC-01, OPD-02 and OPW. Genomic DNA 
was extracted from young leaves and PCR reactions were performed 
with selected primers. The selected primers generated 33 distinct and 
differential amplified bands (size ranged from 131-1188 bp), out of which 
28 were polymorphic. The percentage of polymorphic loci was valued 
from 33.33% to 100%. Gene frequency was ranged from 0.300 to 1 and 
gene diversity was from 0 to 0.7. The inter-varietal similarity indices was 
ranged from 42.45% to 92.67%. Pair-wise comparisons of Nei's genetic 
identity value was from 0.4848 to 0.9394. The highest Nei's genetic 
identity (0.9394) was observed in Sheel Bilati and SAU Promising 
Genotype-5 genotype pair. Nei's (1972) genetic distance was from 
0.0625 to 0.7239. Dendrogram based on Nei's genetic distance using 
Unweighted Pair Group Method with Arithmetic Means (UPGMA) 
indicated the segregation of studied potato genotypes into two main 
clusters. It was found that RAPD markers are sensitive enough to identify 
genetic variation in a variety of germplasm, which will be helpful for 
choosing genetically unique germplasm in potato breeding programs.  

Keywords: DNA fingerprinting; Dendrogram; Genetic distance; 

Molecular marker; PCR 
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INTRODUCTION 

Potato, popularly known as 'The king of vegetables', is the most important vegetable 

crop of Bangladesh as it contributes to about 63% of the total annual vegetable 

production of the country (Somana et al., 2021). In Bangladesh, it is a substantial 

crop in terms of both production and demand, and over the past few decades, it has 

become more and more popular to cultivate (Somana et al., 2021). Total area under 

potato cultivation is 468,689 hectares and total potato production has been estimated 

98,87,242 metric tons. Average yield of potato has been estimated 21.096 metric tons 

per hectare (BBS, 2021). 

Broadly speaking, local and high-yielding varieties of potato are grown in Bangladesh. 

The local genotypes are completely indigenous and were introduced to this 

subcontinent in the past, but due to lack of varietal improvement, they exhibit poor 

yield performance (Somana et al., 2021). Despite poor yield, some of the local varieties 

are still being cultivated because of their taste and cooking qualities. In different 

regions of Bangladesh, about 27 native potato types are grown (Islam, 2009; Khalil et 

al., 2013). These potato genotypes are thin in stem size, have less branching, narrow 

leaf size, are low yielder and have small to medium tuber size (Somana et al., 2021).  

Though per unit yield of local potato genotypes (11.49 tha
-1

) is lower than the 

modern varieties (22.76 tha
-1

), they possess many desirable qualities, viz. storage 

properties and cooking and culinary qualities (BBS, 2021; Somana et al., 2021). 

Moreover, they are a good source of diseases and pests’ resistances germplasm 

(Somana et al., 2021). Therefore, increasing the yield per unit area of local potato 

varieties is necessary. 

The selection and improvement of local varieties having other desirable 

characteristics is the appropriate solution to overcome these problems (Anoumaa et 

al., 2017). It is, therefore, essential for the breeders to know the genetic background 

of these local varieties (Yasmin et al., 2006).  

Earlier, morphological and biochemical markers were used to characterize and study 

genetic divergence among target genotypes. But nowadays, these are considered 

inadequate tools as they are laborious, time-consuming and greatly influenced by 

environmental factors (Ahmad et al., 2019). Consequently, Different molecular 

markers are consistently used in the assessment of genetic diversity, characterization 

of germplasm, identification of hybrids and phylogenetic studies (Tiwari et al., 2015; 

Ahmad, et al., 2019).  

However, the PCR-based RAPD (random amplified polymorphic DNA) marker 

technique has various precedence because these are generally dominant in nature, can 

be carried out efficiently with a small amount of DNA, and can also demonstrate 

polymorphism to a high degree. The method does not need radioactive labeling or 

previous genomic information (Shamsuzzaman et al., 2021). In addition to that, it is a 

reliable and comparatively inexpensive technique too (Tiwari et al., 2015). 
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Furthermore, RAPD primers are species-neutral and applicable to all crops. 

Therefore, it is possible to construct the RAPD primer without any prior knowledge 

of the sequence, DNA probes, or hybridization. The RAPD technique has been 

successfully used by a number of researchers to characterize and analyze the 

diversity of various plant species, including the chili pepper (Hossain et al., 2003), 

ginger (Gavande, et al., 2018), potato (Afrasiab and Iqbal, 2010, 2012, Tiwari  et al., 

2015), and tomato (Soniya et al., 2001).  

Molecular data on the local potato of Bangladesh is inadequate. Therefore, the 

current study has been undertaken to characterize and estimate the genetic diversity 

among some local potato genotypes of Bangladesh. 

MATERIALS AND METHODS 

Name and Source of study materials  

Ten potato genotypes were studied, among these, Comilla Local, Jham Alu, Deshi 

Pakri, Sindur Kota, Indur Kani, Fata Pakri, Ishwardi Local and Sheel Bilati are well-

known local potato genotypes in Bangladesh. These were collected from Bangladesh 

Agricultural Research Institute, Gazipur, Regional Agricultural Research Center, 

Jashore, Ishurdi and Rangpur. At the same time, SAU Promising genotype-4 and 

SAU Promising genotype-5 lines were developed by the Department of 

Biotechnology, Sher-e-Bangla Agricultural University (SAU) through the 

introduction and selection of some local potato genotypes of Bangladesh.  

Genomic DNA Extraction, Confirmation and Quantification  

For isolation of genomic DNA, vigorous, young, actively growing fresh leaf tissues 

were collected from potato genotypes at the 3-4 leaf stage. Total genomic DNA was 

extracted following the protocol described by Saghai-Maroof et al. (1984) with some 

modifications. Approximately 200 mg of leaf tissues were cut into small pieces and 

taken in morter. Then, homogenized and digested with extraction buffer (pH=8.0) 

containing 50 mM Tris-HCl, 25 mM EDTA (Ethylenediaminetetraacetic acid), 300 

mM NaCl, 1% SDS (Sodium Dodecyl Sulfate) and deionized water and incubated at 

65°C for 20 minutes in a hot water bath. The mixture was vortexed for 20 seconds 

with an equal volume of phenol: chloroform: isoamyl alcohol (25:24:1, v/v/v). The 

blended mixture was centrifuged for 10 minutes at 13000 rpm. The supernatant was 

collected, precipitated using two-volume of absolute alcohol in the presence of 0.3M 

sodium acetate and pelleted by centrifugation. The DNA pellet was then purified with 

70% ethanol and air-dried for 2-3 hours. It was then dissolved in an appropriate 

volume (30-40 mL) of TE buffer (pH=8.0), treated with 3 µL of RNAase for 

removing RNA and finally, stored in the freezer at -20°C. The quality of extracted 

DNA was confirmed using electrophoresis after loading DNA from each sample on 

1% agarose gel and placing the gel in the gel chamber (Continental Lab product. Inc.) 

containing 1X TBE buffer. Better quality band amplifying DNA samples were taken 

for quantification using a spectrophotometer.   
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Primer selection 

Seven decamer primers of random sequence viz. OPA-17, OPA-18, OPB-06, OPB-

09, OPC-01, OPF-08 and OPW-01 (Operon Technologies, Inc., Alameda, California, 

USA; Pattanayak et al., 2004; Shamsuzzaman et al., 2021)  were initially screened on 

10 potato genotypes and the best five (OPA-18, OPB-06, OPC-01, OPD-02 and 

OPW-01) were selected based on their ability to produce polymorphic DNA band.  

PCR Reaction and Amplified PCR Products Visualization  

Polymerase chain reactions were conducted for every sample with 12.5 µL of 2X Taq 

Mastermix (GeneON, Germany), 2.5 µL of RAPD primer, 7.5 µL of sterile deionized 

water and 2.5 µL of Genomic DNA (25 ng/ µl); total reaction mixture volume was 25 

µL. An oil-free thermal cycler (Esco Technologies Swift™ Mini Thermal Cyclers) 

was used to perform DNA amplification following the thermal profile described by 

Shamsuzzaman et al., (2021).  

PCR products of each sample were visualized and confirmed with gel electrophoresis 

at 85V for 50 minutes on 1.5% agarose gel (containing 1 µL of 10 mg/L ethidium 

bromide) in 1X TBE buffer. Two molecular weight markers: 100 bp (BIONEER, Cat. 

No. D-1030, South Korea) and 1kb (BIONEER, Cat. No. D-1040, South Korea) 

DNA ladder was also loaded on the left and right side of the gel, respectively. The 

gel was then gently removed from the gel chamber and put on a high-performance 

ultraviolet lightbox (UV transilluminator) to check the DNA amplification (observed 

as a band). The photograph was taken with a 'Gel Cam Polaroid' camera. 

RAPD Bands Scoring and Data Analysis 

The visualized RAPD bands were scored manually. For the presence of the band, one 

(1) decimal number and for the absence of the band, zero (0) was scored. DNAfrag 

(version 3.03) computer program was used to calculate the sizes of the band length. 

A data matrix was created pooling all the scores obtained from each RAPD primer. 

This data matrix was used to estimate genetic distance (GD), polymorphic loci, Nie's 

gene diversity, frequencies of polymorphism and to construct a UPGMA 

(Unweighted Pair Group Method of Arithmetic Means) dendrogram among 

genotypes investigated, with the help of a computer software namely POPGENE 

(version 1.31). The same program was used to estimate the homogeneity in different 

locus between the tested genotype pairs.  

The genetic similarity values were calculated manually using the formula described 

by Lynch (1990): Similarity index (SI)  
    

      
 

Here, Nx and Ny are the number of bands in individuals x and y, respectively 
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RESULTS AND DISCUSSION 

RAPD Band Pattern, Their Size and Polymorphism 

Five (5) RAPD primers were selected (Fig. 1) from 7 pre-tested primers for further 

amplification based on their ability to amplify polymorphic patterns. 

 

Figure 1. Amplified PCR products of 7 decamer RAPD primers using DNA of 

randomly selected two genotypes 

(SL# 1-2: OPA-17; SL# 3-4: OPA-18; SL# 5-6: OPB-06; SL# 7-8: OPB-09; SL# 

9-10: OPC-01; SL# 11-12: OPF-08 and SL# 13-14: OPW-01 (M = 100bp ladder; 

BIONEER, South Korea). 

Each of the selected primer produced a comparatively maximum high-intensity band 

with minimal smearing, good technical resolution and sufficient variation among 

different genotypes (Table 1 and Fig. 2). They generated 33 distinct and differential 

amplified bands, out of which 28 were polymorphic. The average of total bands and 

polymorphic bands per primer is 6.6 and 5.6, respectively. The size of the bands 

ranged from 131-1188 bp. The highest number (10) of bands was generated by 

primer OPC-01 whereas, primer OPB-06 and OPF-08 produced the lowest number 

(5) of bands. Here, the percentage of polymorphic loci was ranged from 33.33% (by 

primer OPA-18) to 100% (by primer OPF-08 and OPW-01).  

 

bp 
A 
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Figure 2.  Amplified DNA pattern of 10 potato genotypes generated by A) OPA-18, 

B) OPB-06, C) OPC-01, D) OPF-08, E) OPW-01 

(SL# 1: Comilla Local; SL# 2: Jham Alu; SL# 3: Deshi Pakri; SL# 4: Sindur 

Kota; SL# 5: Indur Kani; SL# 6: SAU Promising Genotype -4; SL# 7: Fata Pakri; 

SL# 8: Ishwardi Local; SL# 9: Sheel Bilati; SL# 10: SAU Promising Genotype -

5. M1 and M2: Molecular weight marker (1 kb and 100 bp, respectively; 

BIONEER, South Korea) 
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Table 1. Features of selected RAPD primers and their amplification result in ten 

potato genotypes 

Primer 
name 

Sequences 

(5- 3) 
(G+C) % 

The Total 

no of 

bands 

scored 

Size ranges 
(bp) 

Number of 

polymorphic 

bands 

The proportion 

of polymorphic 

loci (%) 

OPA-18 AGGTGACCGT 60 06 131-796 02 33.33 

OPB-06 TGCTCTGCCC 70 05 184-787 05 100 

OPC-01 TTCGAGCCAG 60 10 209-1188 09 90 

OPF-08 GGGATATCGG 60 05 174-904 05 100 

OPW-01 CTCAGTGTCC 60 07 114-813 07 100 

Total - 310 33  28  

Average - 62 6.6  5.60 84.85 

AL-Salihy et al. (2014) screened 6 RAPD primers on four potato genotypes and 

successfully studied genetic diversity with five primers. ‘Band size range’ proximate 

to this analysis was found by Pattanayak et al. (2004) and Ahmad et al. (2013). 

Moreover, Verma and Singh (2019) reported 1.9 bands per potato cultivar and 4.55 

bands per primer, which were lower than the present study regarding bands per 

genotypes and bands per primer. Besides, Tiwari et al. (2015) detected 2.25 bands per 

genotype and 7.71 bands per primer. They scored fewer bands per genotype but more 

bands per primer. The current study's average level of polymorphism (~85%) 

indicates that the genetic variation level among the studied genotypes is high. Similar 

polymorphism percentage (~82%) was detected by Onamu et al. (2016). In contrast, a 

lower level of average polymorphism (~53) was found by Salem and Hassanein 

(2017) in three potato genotypes with 11 RAPD primers. These variations may be 

due to the changes in used primers and genotypes. The primer sequence determines 

the size and number of DNA fragments. Various factors, viz., the primer sequence, 

quality and quantity of template and polymerase concentration, influenced the 

reproducibility of the RAPD technique (Afrasiab and Iqbal, 2012). 

Gene frequency and gene diversity 

The studied five primers showed a different level of gene diversity and different gene 

frequencies (Table 2). Gene frequency was ranged from 0.3 to 1. At the same time, 

gene diversity was valued from 0 to 0.7.  

The highest gene frequency (1) and lowest gene diversity (0) were shown by the 

primer OPA-18 (at 1020, 661, 397 and 230 bp), OPC-01 (at 606 bp), and OPW-01 (at 

196 bp). While the lowest gene frequency (0), i.e., the highest gene diversity (0.70), 

was shown by the primer OPC-01 (at 446 bp), OPF-08 (at 221 bp) and OPW-01 (at 

813 bp). Khatab and El-Banna (2011) reported the gene frequency range and the 

frequency of polymorphic loci from 0.056 to 1 and 0 to 0.944, respectively. Their 



50 Islam et al. 

result was resembling to the outcome of this investigation. In comparison, a lower 

gene frequency range (0.02 to 0.55) was reported by Paez et al. (2005). 

Table 2.  Molecular sizes of the loci, their diversities and frequencies among ten 

local potato genotypes 

RAPD 

primer 

Locus 

No. 

Locus 

Size (bp) 

Gene 

Frequency 

RAPD 

primer 

Locus 

No. 

Locus 

Size (bp) 

Gene 

Frequency 

OPA-18 

1 1020 1.0000 

OPC- 01 

6 446 0.3000 

2 796 0.7000 7 375 0.5000 

3 661 1.0000 8 317 0.7000 

4 397 1.0000 9 251 0.7000 

5 230 1.0000 10 209 0.6000 

6 189 0.5000 

OPF-08 

1 904 0.6000 

OPB-06 

1 787 0.4000 2 407 0.7000 

2 430 0.5000 3 354 0.7000 

3 317 0.9000 4 221 0.3000 

4 225 0.9000 5 174 0.6000 

5 184 0.4000 

OPW-01 

1 813 0.3000 

OPC- 01 

1 1188 0.6000 2 594 0.7000 

2 1018 0.5000 3 477 0.6000 

3 737 0.8000 4 389 0.7000 

4 606 1.0000 5 275 0.9000 

5 508 0.5000 6 196 0.1000 

Inter-genotype Similarity Indices (Sij) 

 Inter-genotype means of the pair-wise similarity indices (Sij) was ranged from 

42.45% - 92.67% (due to large-sized table, data are not presented here). The highest 

similarity indices of 92.67% were found between Jham Alu vs. Indur Kani genotype 

pair. So, the genetic distance was lower between that pair than the other genotype 

pairs. On the other hand, SAU Promising Genotype-4 vs. SAU Promising Genotype -

5 pair showed the least Inter-variety similarity indices, 42.45%; therefore, the genetic 

distance was higher between that pair than the rest of the genotype pairs.  

Similarity values close to the present investigation were found by Isenegger et al. 

(2001) and Das et al. (2010). On the other hand, Gauchan et al. (2012) reported a 

lower (55.2% to 69%) similarity value among 4 Nepali local potato cultivars with 10 

RAPD primers. It may happen due to using fewer cultivars and primers. 
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 Nei's (1972) genetic distance and genetic identity 

Pair-wise comparisons of Nei's (1972) genetic identity among 10 potato cultivars 

were ranged from 0.485 to 0.939 (Table 3). The highest Nei's genetic identity (0.939) 

was observed in Sheel Bilati and SAU Promising Genotype-5 genotype pair. In 

comparison, the lowest genetic identity (0.485) was estimated in Deshi Pakri vs. 

Sheel Bilati, Deshi Pakri vs. SAU Promising Genotype-5, Sindur Kota vs. SAU 

Promising Genotype-4, Indur Kani vs. Sheel Bilati, Indur Kani vs. SAU Promising 

Genotype-5 and Fata Pakri vs. SAU Promising Genotype-5 genotype pairs.  

Table 3. Summary of Genetic identity (above diagonal) and Nei’s (1972) genetic 

distance (below diagonal) values among 10 local potato genotypes 

Nei's (1972) genetic distance among 10 potato cultivars was from 0.063 to 0.724. The 

highest Nei's genetic distance (0.724) was observed in Deshi Pakri vs. Sheel Bilati, 

Deshi Pakri vs. SAU Promising Genotype-5, and Sindur Kota vs. SAU Promising 

Genotype 4, Indur Kani vs. Sheel Bilati, Indur Kani vs. SAU Promising Genotype 5 

and Fata Pakri vs. SAU Promising Genotype -5 genotype pairs. At the same time, the 

lowest genetic distance (0.063) was estimated in Sheel Bilati and Promising 

Genotype-5 genotype pair.  

Yasmin et al. (2006) reported Nei's (1972) genetic identity from 0.6530 to 0.8674 and 

genetic distance from 0.154 to 0.558 among six potato cultivars. Again, Hoque et al. 

(2019) reported significantly higher genetic variation (0.55 to 1) among eight potato 

genotypes. They analyzed both indigenous and high-yielding varieties, which might 

be the reason for their higher genetic variation. 
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Comilla 
Local 

**** 0.727 0.727 0.758 0.667 0.546 0.576 0.576 0.515 0.5152 

Jham Alu 0.319 **** 0.818 0.788 0.879 0.576 0.606 0.606 0.546 0.5455 

Deshi Pakri 0.319 0.201 **** 0.667 0.758 0.697 0.606 0.546 0.485 0.4848 

Sindur Kota 0.278 0.238 0.406 **** 0.727 0.485 0.636 0.636 0.515 0.5152 

Indur Kani 0.406 0.129 0.278 0.319 **** 0.636 0.667 0.606 0.485 0.4848 

Fata  Pakri 0.606 0.552 0.361 0.724 0.452 **** 0.546 0.606 0.546 0.4848 

SAU-4 0.552 0.501 0.501 0.452 0.406 0.606 **** 0.636 0.576 0.5152 

Ishwardi 
Local 

0.552 0.501 0.606 0.452 0.501 0.5001 0.45 **** 0.758 0.697 

Sheel Bilati 0.663 0.606 0.724 0.663 0.724 0.606 0.552 0.278 **** 0.939 

SAU-5 0.663 0.606 0.724 0.663 0.724 0.7234 0.663 0.361 0.063 **** 
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UPGMA Dendrogram 

Dendrogram, based on Nei's (1972) genetic distance using Unweighted Pair Group 

Method with Arithmetic Means (UPGMA), indicated the segregation of 10 potato 

genotypes into two main clusters viz., 1 and 2 (Fig. 3). Cluster-1 contained seven 

potato genotypes and cluster-2 contained three genotypes.  

Again, both clusters are divided into sub-clusters. The cluster-1 had 2 sub-clusters SI 

(SAU-4) and SII (Comilla Local, Jham Alu, Deshi Pakri, Sindur Kota, Indur Kani, 

and Fata Pakri). Cluster-2 was split into two sub-clusters where Ishwardi Local was 

in one sub-cluster and Sheel Bilati, and SAU Promising Genotype 5 in the other sub-

cluster. Here, Sheel Bilati and SAU Promising Genotype-5 genotype pairs are more 

closely related than other genotype pairs. Likewise, Brenna (2004) and 

Shamsuzzaman et al. (2021) showed the genetic relationship among 12 

potatogenotypes with similar dendrogram.  

 

Figure 3.  UPGMA dendrogram displaying the phylogenetic relationship among 10 

potato genotypes based on Nei’s (1972) genetic distance 

CONCLUSION 

The present study clearly indicates variations in the investigated potato genotypes. It 

also shows the effectiveness of the RAPD technique in molecular characterization 

and in studying a substantial number of polymorphisms or diversity among the 

different local potato genotypes. Although more primers should be screened to 

provide conclusive data on Bangladeshi 'local potato' genetic diversity, Sheel Bilati 

and SAU Promising Genotype-5 might be used in future potato improvement 
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programs. Therefore, the findings could be the guideline for prospective 

fingerprinting and genetic diversity research of potato. Moreover, using this basic 

information, it may be possible to identify genetic diversity of Bangladeshi potato 

cultivars which can be used as a complementary tool for potato breeding. Further 

investigation can now be done using this set of useful primers on major cultivated 

varieties and local potato cultivars of Bangladesh. However, it is suggested that more 

molecular markers are required to have a better understanding of the presence of 

genetic variability in potato germplasm and, consequently, a more efficient utilization 

of this exciting variability for improvement of the potato crop in Bangladesh. 
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ABSTRACT 

Mango is an important tropical fruit of Nepal. Nepal is rich in mango 
diversity and large numbers of local genotypes have been identified in 
different parts of the country. Such diversity of local mango genotypes 
are in verge of danger and needs to properly identified, evaluated and 
conserved. Morphological characterization is an important step in the 
characterization, evaluation and further utilization of genotypes. The 
current study aimed to characterize 33 local mango genotypes from Doti 
district of Far Western Region in Nepal using 14 quantitative 
morphological traits. The results of the study showed variation in terms 
tree, leaf, fruit, stone and seed character among the genotypes. The 
average fruit weight of genotypes was found to be 51.61g with maximum 
weight of 90.92g in Gude genotype. The four major principal components 
were formed with Eigen value >1 with cumulative diversity of 88.2%. 
Results of the cluster analysis grouped 33 mango genotypes into four 
major clusters with similarity level of 41.27% to 96.29% showing diversity 
among the genotypes. The variability seen among the genotypes in the 
present study can be a source of gene pool for systematic mango 
breeding program and thus these genotypes need to be properly 
conserved. 

Keywords: Cluster Analysis, Local Mango, Principal Component 

Analysis. 

INTRODUCTION 

Mango (Mangifera indica L.), belonging to the family Anacardiaceae is an important 

fruit of tropical region and is well-cultivated in subtropical zone too (Yadav and 

Singh, 2017). Indo-Burma region is considered as origin of cultivated mango 
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(Mukherjee, 1951). Mango is a major tropical fruit of Nepal with an area of 46,753 

ha and an annual production of 328,271 metric tons and an average productivity of 9 

metric tons ha
-1 

(NCFD, 2018). A large number of local mango genotypes have been 

identified in Nepal (NARC, 2003; Budathoki et al., 2004; Subedi et al., 2005; Subedi 

et al., 2008). Far-Western districts such as Doti and Dadeldhura were identified as 

diversity sites for local mango genotypes (Subedi et al., 2008). The existing local 

mango genotypes are in verge of danger due to lack of proper conservation strategy, 

use of mango as firewood and timber purpose hence require proper evaluation and 

conservation for the use of future breeding programs (Subedi et al., 2008). Still there 

is no systematic mango breeding activity in Nepal, it is essential to utilize and bring 

efforts to conserve these genotypes as they can form a potential source of germplasm 

in mango crop improvement. 

Improvement of mango is needed to cope up with pathological problems, improving 

quality and productivity. To do so, it is necessary to identify and maintain genetic 

resources. The primary step in identification and evaluation of such genetic resources 

is morphological characterization. Morphological characterization is regarded as 

simple tool for assessment of genetic resources (Khan et al., 2015). The requirement 

of gene pool for mango improvement is a crucial prerequisite as it serves as the 

source of variation. Thus, the present study was carried out to characterize the local 

mango genotypes for their identification and correct evaluation. Furthermore, it will 

aid in maintaining such resources as a source of gene pool for future mango 

improvement programs in Nepal.  

MATERIALS AND METHODS 

The present study was carried out during the year 2018-2019 in Far-Western Doti 

District of Nepal. An explorative survey was carried out to identify the location of 

mango germplasm and screened 33 local mango genotypes for morphological 

characterization. Key informants were identified after initial survey and interviewed 

for genotype name, location and necessary details. The name of the genotypes along 

with their detailed location is presented in Table 1. The 14 quantitative 

morphological traits were recorded on the basis of International Plant Genetic 

Resources Institute (IPGRI) descriptor (IPGRI, 2006). Data were analyzed using 

descriptive statistics using SPSS 25.0, principal component analysis (PCA) and 

cluster analysis using MINITAB 19.0. The principal components (PCs) with Eigen 

value>1 were selected to explain the variation shown by the components and 

clustering was based on average Euclidean distance method. 
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Table 1. Name of mango genotypes, location along with elevation, latitude and 

longitude 

S.N. Name of 

mango 
genotypes 

Location Elevation 

(masl) 

Latitude Longitude 

1. Masino 
Surkulle 

Ali-Autrali, Shikhar Municipality, Doti 733.61 29.246534°N 80.889742°E 

2. Hade Ali-Autrali, Shikhar Municipality, Doti 708.87 29.244395°N 80.892604°E 

3. Pothe Ali-Autrali, Shikhar Municipality, Doti 722.74 29.245254°N 80.891718°E 

4. Balde Ali-Autrali, Shikhar Municipality, Doti 793.92 29.248111°N 80.890566°E 

5. Hinge Ali-Autrali, Shikhar Municipality, Doti 710.76 29.244539°N 80.893006°E 

6. Kelkose Chasi, Adharsha Rural Municipality, Doti 1090.32 29.309843°N 80.939400°E 

7. Kele Ali-Autrali, Shikhar Municipality, Doti 778.58 29.246835°N 80.890338°E 

8. Sinure Chasi, Adharsha Rural Municipality, Doti 1095.33 29.310319°N 80.938801°E 

9. Bannari Chasi, Adharsha Rural Municipality, Doti 1087.59 29.310209°N 80.939523°E 

10. Kakune Ali-Autrali, Shikhar Municipality, Doti 730.19 29.246863°N 80.888625°E 

11. Mude Ali-Autrali, Shikhar Municipality, Doti 793.69 29.247458°N 80.889565°E 

12. Moto Surkulle Ali-Autrali, Shikhar Municipality, Doti 758.72 29.246614°N 80.889763°E 

13. Supare Ali-Autrali, Shikhar Municipality, Doti 721.83 29.245539°N 80.890425°E 

14. Bhadaure Ali-Autrali, Shikhar Municipality, Doti 768.01 29.247163°N 80.889738°E 

15. Sanne Ali-Autrali, Shikhar Municipality, Doti 716.19 29.244679°N 80.892283°E 

16. Kale Ali-Autrali, Shikhar Municipality, Doti 733.84 29.246617°N 80.889740°E 

17. Dhulle Ali-Autrali, Shikhar Municipality, Doti 783.32 29.247352°N 80.888789°E 

18. Batuli Panawata, Dipayal Silgadi  Municipality, Doti 1133.48 29.294597°N 80.937011°E 

19. Lode Khullekh, Dipayal Silgadi  Municipality, Doti 1024.34 29.287947°N 80.945512°E 

20. Patale Khullekh, Dipayal Silgadi  Municipality, Doti 1185.98 29.291969°N 80.947646°E 

21. Koke Panawata, Dipayal Silgadi  Municipality, Doti 1146.62 29.294342°N 80.937573°E 

22. Rulle  Ali-Autrali, Shikhar Municipality, Doti 754.79 29.247150°N 80.888853°E 

23. Gode Chasi, Adharsha Rural Municipality, Doti 1138.99 29.311831°N 80.940405°E 

24. Chuke Ali-Autrali, Shikhar Municipality, Doti 699.85 29.245138°N 80.894024°E 

25. Ginaune Ali-Autrali, Shikhar Municipality, Doti 775.68 29.246369°N 80.888642°E 

26. Dhole Ali-Autrali, Shikhar Municipality, Doti 764.90 29.246814°N 80.889848°E 

27. Rati-Rumal Ali-Autrali, Shikhar Municipality, Doti 824.99 29.247162°N 80.889249°E 

28. Simte Ali-Autrali, Shikhar Municipality, Doti 778.82 29.246620°N 80.890933°E 

29. Gude Khullekh, Dipayal Silgadi  Municipality, Doti 1018.24 29.287899°N 80.945761°E 

30. Mailadi Khullekh, Dipayal Silgadi  Municipality, Doti 1084.02 29.291316°N 80.946578°E 

31. Gane Khullekh, Dipayal Silgadi  Municipality, Doti 973.38 29.285717°N 80.946247°E 

32. Ghutke Chasi, Adharsha Rural Municipality, Doti 1097.00 29.310997°N 80.939817°E 

33. Chamade Khullekh, Dipayal Silgadi  Municipality, Doti 1141.65 29.291368°N 80.948304°E 

Note: masl = meters above sea level 
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RESULTS AND DISCUSSION 

Quantitative tree and leaf characteristics 

The trunk circumference among 33 mango genotypes varied from 1.2m to 5.6m with 

mean value of 3.06m and 31.6% coefficient of variation (C.V.) (Table 2).  Raza et al. 

(2017) and Singh (2018) also reported variation in trunk circumference among 

mango genotypes.  

With regard to quantitative leaf characteristics, leaf blade length was reported to have 

a minimum value of 10.87cm to maximum of 29.26cm with mean value of 18.91cm 

and 18.3% C.V. (Table 2). Similarly, leaf blade width was reported to have a 

minimum value of 3.43cm to maximum of 8.59cm with mean value of 5.40cm and 

18.9% C.V. Likewise, petiole length ranges from 2.21-5.88cm with mean 3.61cm and 

24.2% C.V. (Table 2).  There were report of variation in leaf blade length, width and 

petiole length among mango genotypes (Rymbai et al., 2014; Toili et al., 2016; Raza 

et al., 2017). 

Table 2. Quantitative tree, leaf, fruit characteristics of local mango genotypes 

Genotype Trunk 
circumference (m) 

Leaf blade 
length (cm) 

Leaf blade 
width (cm) 

Petiole length 
(cm) 

Fruit   
weight (g) 

Fruit length 
(cm) 

Fruit diameter 
(cm) 

Masino 

Surkulle 

2.44 18.10 5.05 2.98 25.64 4.45 3.09 

Hade 3.55 21.71 5.83 3.93 36.13 4.71 3.27 

Pothe 1.90 19.31 5.02 4.22 32.83 4.30 3.42 

Balde 3.60 29.26 8.59 5.69 64.33 5.22 5.22 

Hinge 2.43 20.17 5.74 4.08 46.46 5.46 3.38 

Kelkose 4.00 15.70 4.78 2.59 72.42 6.69 4.42 

Kele 2.00 19.96 5.23 2.63 44.05 5.31 3.42 

Sinure 3.64 10.87 3.43 2.30 58.64 5.65 4.41 

Bannari 3.53 15.81 4.98 2.99 66.50 6.67 4.20 

Kakune 5.60 17.86 5.36 3.36 37.45 4.61 3.38 

Mude 1.20 19.43 5.98 4.42 62.00 5.52 4.06 

Moto 
Surkulle 

2.94 23.78 7.68 4.93 26.50 4.36 2.93 

Supare 2.30 19.20 4.84 3.14 30.97 4.32 3.17 

Bhadaure 2.30 17.87 4.10 3.44 56.90 6.19 3.63 

Sanne 4.33 14.40 4.46 2.77 26.55 3.94 3.24 

Kale 3.30 22.61 6.65 3.97 34.46 4.71 3.32 

Dhulle 2.45 16.85 5.70 4.46 37.83 4.59 3.63 

Batuli 2.16 15.33 4.57 2.59 81.67 5.73 4.90 
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Genotype Trunk 
circumference (m) 

Leaf blade 
length (cm) 

Leaf blade 
width (cm) 

Petiole length 
(cm) 

Fruit   
weight (g) 

Fruit length 
(cm) 

Fruit diameter 
(cm) 

Lode 3.07 18.77 5.55 3.22 75.00 5.91 4.62 

Patale 1.74 20.19 5.13 3.40 67.90 5.65 4.49 

Koke 2.40 18.68 5.16 4.05 54.79 5.87 3.80 

Rulle 2.40 15.55 4.35 3.31 32.96 4.07 3.55 

Gode 2.74 16.47 4.23 3.93 62.50 5.86 4.38 

Chuke 4.54 23.32 5.80 4.28 56.39 5.56 4.17 

Ginaune 2.50 24.76 6.30 5.88 41.00 4.77 3.74 

Dhole 2.40 21.29 6.68 3.37 51.94 5.03 3.91 

Rati-Rumal 2.70 18.15 5.66 2.97 49.97 4.93 3.89 

Simte 3.40 17.34 4.96 2.21 30.79 4.30 3.22 

Gude 3.62 20.83 6.15 4.00 90.92 6.92 4.79 

Mailadi 4.47 15.49 4.34 3.83 85.36 6.60 4.52 

Gane 3.28 19.66 5.41 2.99 55.86 5.62 4.11 

Ghutke 4.57 19.30 5.68 4.02 46.40 5.48 3.64 

Chamade 3.42 16.17 5.02 3.10 60.15 6.64 3.87 

Minimum 1.20 10.87 3.43 2.21 25.64 3.94 2.93 

Maximum 5.60 29.26 8.59 5.88 90.92 6.92 5.22 

Mean 3.06 18.91 5.40 3.61 51.61 5.32 3.87 

C.V. (%) 31.6 18.3 18.9 24.2 34.7 15.8 15.1 

Quantitative fruit characteristics 

The fruit weight was reported to have a minimum value of 25.64g to maximum of 

90.92g with mean value of 51.61g and 34.7% C.V (Table 2). Similarly, fruit length 

ranges from 3.94-6.92cm with mean value of 5.32cm and 15.8% C.V. Likewise, fruit 

diameter ranges from 2.93-5.22cm with mean 3.87cm and 15.1% C.V. (Table 2). 

Variation in fruit characteristics may be due to genotype as well as environmental 

factors. For example, the variation in fruit weight might be due to climatic conditions 

as well as the genetic attribute of the genotype (HimaBindu et al., 2017). Budathoki 

et al. (2004) also reported variation in fruit weight among local mango genotypes 

ranging from 21-2500g. Subedi et al. (2008) reported variation in fruit weight from 

69.4g to 217.5g among mango genotypes from different parts of Nepal. Singh (2018) 

also reported variation in fruit weight among local mango accessions with minimum 

weight of 38.62g and maximum value of 236.99g. The result of this study was in line 

with the study of Budathoki et al. (2004), Subedi et al. (2005) and Singh (2018) 

which showed lower fruit weight of local mango germplasm. Subedi et al. (2008) 

reported variation in fruit length of mango genotypes from different region of Nepal 
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ranging from 5.8cm to 10.1cm, a range value higher than reported in the present 

study. Similarly, Singh (2018) also reported variation in fruit diameter from 

minimum of 3.81cm to 7.58cm among local mango germplasm which is higher than 

the range obtained in the present study. 

Quantitative stone and seed characteristics 

The stone weight was reported to have a minimum value of 5.33g to maximum of 

17.95g with mean value of 11.61g and 27% C.V. (Table 3). Similarly, stone length 

varied from 3.47-5.69cm with mean value of 4.44cm and 14.2% C.V. Likewise, stone 

thickness ranges from 1.08-2.13cm with mean 1.65cm and 13.1% C.V. Stone 

diameter ranges between 1.72-2.92cm with mean 2.46cm and 10.1% C.V. (Table 3). 

The seed weight was reported to have a minimum value of 3.83g to maximum of 

12.90g with mean value of 8.34g and 26.9% C.V. Similarly, seed length varied from 

3.06-4.77cm with mean value of 3.85cm and 13.4% C.V. Likewise, seed thickness 

ranges from 1.08-1.87cm with mean 1.44cm and 11.1% C.V. (Table 3). The variation 

in stone and seed characters might be due to observed variation in fruit characters. 

Variation in stone weight, length, thickness, diameter and seed weight, length, seed 

thickness among mango genotypes were also reported by Subedi et al. (2005) and 

Singh (2018). 

Table 3. Quantitative stone and seed characteristics of local mango genotypes 

Genotype Stone 

weight (g) 

Stone 

length 
(cm) 

Stone 

thickness (cm) 

Stone 

diameter (cm) 

Seed 

weight (g) 

Seed 

length 
(cm) 

Seed thickness 

(cm) 

Masino Surkulle 5.33 3.53 1.26 1.72 3.83 3.10 1.08 

Hade 9.59 4.11 1.60 2.27 6.64 3.54 1.36 

Pothe 11.00 3.91 1.57 2.40 7.67 3.74 1.47 

Balde 13.67 4.38 1.69 2.77 7.25 3.64 1.37 

Hinge 10.09 4.39 1.53 2.41 7.80 3.91 1.43 

Kelkose 11.00 5.36 1.55 2.48 8.50 4.61 1.40 

Kele 6.75 4.51 1.27 2.15 5.06 3.72 1.13 

Sinure 12.5 4.70 1.68 2.60 7.86 3.86 1.32 

Bannari 15.75 5.31 1.08 2.63 9.25 4.60 1.37 

Kakune 10.00 3.98 1.62 2.35 7.61 3.52 1.48 

Mude 13.85 4.57 1.83 2.61 9.70 4.06 1.58 

Moto Surkulle 8.56 3.78 1.59 2.18 6.65 3.29 1.40 

Supare 8.10 3.62 1.57 2.27 6.21 3.21 1.43 

Bhadaure 14.00 5.37 1.62 2.56 10.35 4.68 1.44 

Sanne 8.13 3.59 1.55 2.16 5.75 3.19 1.37 
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Genotype Stone 

weight (g) 

Stone 

length 
(cm) 

Stone 

thickness (cm) 

Stone 

diameter (cm) 

Seed 

weight (g) 

Seed 

length 
(cm) 

Seed thickness 

(cm) 

Kale 10.14 4.13 1.50 2.39 7.91 3.64 1.36 

Dhulle 8.42 3.93 1.48 2.40 5.75 3.30 1.32 

Batuli 14.6 4.61 1.85 2.92 10.88 3.89 1.57 

Lode 17.95 4.57 2.13 2.88 12.90 4.06 1.87 

Patale 15.65 4.44 1.94 2.80 10.45 3.84 1.65 

Koke 12.22 4.83 1.71 2.26 9.17 4.20 1.45 

Rulle 8.57 3.47 1.73 2.48 6.67 3.06 1.47 

Gode 14.5 4.65 1.76 2.76 10.50 3.89 1.37 

Chuke 16.00 4.83 2.06 2.75 12.00 4.29 1.72 

Ginaune 7.50 3.75 1.41 2.25 5.11 3.18 1.18 

Dhole 11.56 4.01 1.76 2.51 9.22 3.56 1.52 

Rati-Rumal 11.75 4.37 1.66 2.54 8.95 3.85 1.42 

Simte 8.29 3.68 1.55 2.21 5.64 3.19 1.36 

Gude 11.00 5.61 1.65 2.53 8.38 4.58 1.37 

Mailadi 15.63 5.40 1.85 2.49 11.81 4.75 1.60 

Gane 13.72 4.86 1.88 2.62 10.78 4.22 1.64 

Ghutke 12.25 4.51 1.75 2.40 8.10 4.02 1.46 

Chamade 15.00 5.69 1.73 2.32 10.90 4.77 1.59 

Minimum 5.33 3.47 1.08 1.72 3.83 3.06 1.08 

Maximum 17.95 5.69 2.13 2.92 12.90 4.77 1.87 

Mean 11.61 4.44 1.65 2.46 8.34 3.85 1.44 

C.V. (%) 27.0 14.2 13.1 10.1 26.9 13.4 11.1 

 

Principal component analysis 

The PCA results with Eigen value and Eigen vectors are shown in Table 4. The 

results showed that the first four principal components explained a cumulative 

variability of 88.2% observed in 33 local mango genotypes using 14 quantitative 

traits. PC1 explained 50%, PC2 explained 18.9%, PC3 explained 12% and PC4 

explained only 7.4% of the total variation (Table 4).  
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Table 4.  Eigen value and Eigen vectors of first four components using 14 

quantitative morphological traits 

 PC1 PC2 PC3 PC4 

Eigen value 6.9982 2.6406 1.6737 1.0343 

Proportion (%) 50% 18.9% 12% 7.4% 

Cumulative (%) 50% 68.8% 80.8% 88.2% 

Variable Eigen Vectors  

Trunk circumference (m) 0.058 -0.061 0.096 -0.915 

Leaf blade length(cm) -0.063 0.560 0.167 -0.037 

Leaf blade width(cm) -0.066 0.543 0.185 -0.109 

Petiole length (cm) -0.038 0.512 0.191 0.012 

Fruit weight (g) 0.344 0.003 0.184 0.154 

Fruit length (cm) 0.320 -0.103 0.366 0.042 

Fruit diameter (cm) 0.307 0.110 0.095 0.186 

Stone weight (g) 0.353 0.073 -0.112 -0.010 

Stone length (cm) 0.315 -0.116 0.363 -0.051 

Stone thickness (cm) 0.239 0.184 -0.468 -0.113 

Stone diameter (cm) 0.304 0.152 -0.200 0.190 

Seed weight (g) 0.352 0.040 -0.180 -0.045 

Seed length (cm) 0.319 -0.108 0.297 -0.094 

Seed thickness (cm) 0.271 0.123 -0.437 -0.166 

Majumder et al. (2013) showed the genetic diversity of 60 mango genotypes using 

PCA and cluster analysis and grouped into eight clusters and diversity was found to 

be based on morphological traits and not based on location distribution of the 

genotypes. The study showed considerable variation among the genotypes in terms of 

tree, leaf, fruit, stone and seed characteristics.  

Cluster analysis  

The results of cluster analysis based on 14 quantitative traits of 33 local mango 

genotypes were grouped into four main clusters (I, II, III, and IV). Similarity level 

ranging from 41.27% to 96.29% was observed among the four clusters showing 

diversity among the genotypes. The maximum numbers of genotypes were clustered 

under cluster III and only one genotype Balde falls under cluster II (Fig. 1). Clusters 

centroids are presented in Table 5. Dinesh et al. (2015) also reported variation among 

44 indigenous mango genotypes using cluster analysis and grouped the genotypes 

into two main clusters and the grouping was based on location-wise.  
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Table 5. Centroid of clusters showing characteristics of the cluster 

Variable Cluster I Cluster II Cluster III Cluster IV Grand centroid 

Trunk circumference (m) 3.0085 3.6 2.9975 3.4167 3.0582 

Leaf blade length (cm) 19.3408 29.26 18.2406 17.2167 18.9148 

Leaf blade width (cm) 5.4946 8.59 5.2081 5.02 5.4064 

Petiole length (cm) 3.6762 5.69 3.4469 3.4733 3.6076 

Fruit weight (g) 33.6277 64.33 58.9887 85.9833 51.6139 

Fruit length (cm) 4.4954 5.22 5.7956 6.4167 5.3224 

Fruit diameter (cm) 3.3369 5.22 4.0613 4.7367 3.8724 

Stone weight (g) 8.4908 13.67 13.6119 13.7433 11.6082 

Stone length (cm) 3.8454 4.38 4.7787 5.2067 4.4379 

Stone thickness (cm) 1.5154 1.69 1.7294 1.7833 1.6488 

Stone diameter (cm) 2.2485 2.77 2.5706 2.6467 2.4567 

Seed weight (g) 6.1923 7.25 9.7769 10.3567 8.3409 

Seed length (cm) 3.36 3.64 4.1512 4.4067 3.8473 

Seed thickness (cm) 1.3392 1.37 1.5144 1.5133 1.4409 

 

 

Figure 1. Cluster analysis of 33 local mango genotypes using average Euclidean 

distance method based on 14 quantitative traits (Blue-I, Brown-II, Green-

III, Purple-IV) 
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CONCLUSION 

The present study showed a considerable variation among local mango genotypes of 

Far Western Doti district of Nepal using morphological parameters. This study is able 

to establish the fact that Doti district is rich in local mango diversity. This provides 

possibilities for collection and selection of germplasm for starting systematic mango 

breeding program in Nepal. The variability seen among the genotypes in the present 

study can be a source of gene pool and thus these genotypes need to be properly 

conserved. 
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ABSTRACT 

Assessment of genetic diversity among different is a prerequisite for 
plant breeders in choosing potential parental lines. Ten genotypes of 
summer growing chilli including one released variety viz., BARI morich-2; 
one advanced line viz., SRC- 517 and eight local cultivars viz., IAH-160, 
IAH-164, AHM-206, AHM-217, AC-63, AC-312, RAI-67, and RI-1(6) were 
characterized with a view to explore genetic diversity within these 
genotypes based molecular markers. Using eight microsatellite (SSR) 
primers across 10 genotypes, a total of 30 alleles with an average 
number of 3.75 alleles per locus were found. The number of alleles 
detected varied form three (CAMS-864, CAMS-880, CAMS-885) to five 
(CAMS-647). The allele size ranged from 160 (CAMS-075) to 289 bp 
(CAMS-864). All most all sets of primers showed high polymorphism 
(PIC value ≥0.6) except CAMS-880 and CAMS-885 which suggesting the 
greater genetic diversity in the genotypes. Gene diversity ranged from 
0.46 (CAMS-885) to 0.74 (CAMS-647) and the highest and lowest value 
of Shannon's Information Index was registered in the same locus with 
their average value of 1.174. Higher level of genetic differentiation 
(0.971) and lower level of gene flow value (0.007) which were indicative 
of the presence of diversity among the genotypes. The genotypes had 
distinct status in the dendrogram, because of variation in genetic 
distance values differed from 0.138 to 0.938.  

Keywords: Summer Chilli, Genetic diversity, SSR marker, 

Polymorphism, Dendrogram. 
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INTRODUCTION 

Chilli (Capsicum annuum L., 2n = 24) a member of the Solanaceae family has 

originated from South and Central America. It is an indispensable spice due to its 

pungency, taste, appealing colour and flavor. It is available and used in human food 

preparation in the forms of green, dried and powdered. Chilli is a valuable spice and 

also one of the most important cash crops grown in Bangladesh. It has become an 

essential ingredient in Bangladeshi dietary patterns. It is cultivated in both the 

summer and winter seasons. A number of cultivars are grown in Bangladesh differing 

in habit, yield, consumer’s preference and in size, shape, colour and pungency of the 

fruit (Farhad et al., 2010). The area and production of Kharif (April to September) 

chilli was 20,506 ha and 99,126 MT, respectively; while 79,629 ha and 393,556 MT 

were recorded in Rabi (October to March) chilli, respectively. The yield was around 

1.68 MT/ha (BBS, 2021).  

Although a good number of winter growing genotypes have been cultivated in 

different parts of Bangladesh, very limited numbers of genotypes are available for 

cultivation in summer season. It is one of the major reasons to cultivate in limited 

area as well as lower production compared to winter season. Apart from developing 

traditional varieties through conventional breeding, exploitation of heterosis for yield 

and yield attributing characters through hybridization is also important in crop 

improvement. Screening of available germplasm helps in studying the variability and 

diversity and identification of superior parents for use in hybridization. Genetic 

divergence existing in the population helps in the selection of suitable parents for 

utilization in any crop breeding programme leading to reduction in the number of 

crosses (Guerra et al., 1999). Previously genetic diversity in Capsicum was studied 

using morphological, cytological and biochemical markers (Kaur and Kapoor, 2001; 

Gopinath et al., 2006). Recent developments in DNA based technologies have 

revolutionized the utilization of molecular markers in Genetics and Breeding studies 

(Paterson et al., 1991; Rafalski et al., 1996). Hence, assessment of genetic diversity is 

more meaningful when it can be assessed through molecular polymorphism along 

with at the phenotypic level as the later involves data on morphological traits which 

are environmental dependent.  

Of all classes of DNA based marker, the microsatellite SSR (simple sequence repeat) 

is polymerase chain reaction (PCR) based, highly polymorphic, multi-allelic, 

frequently co-dominant, highly reproducible, and randomly and widely distributed in 

the genome (Powell et al., 1996). Furthermore, simple sequence repeats (SSRs) are 

the most widely used marker system for plant variety characterization and diversity 

analysis especially in cultivated species which have low levels of polymorphism 

(Dhaliwal et al., 2014). DNA fingerprinting is a useful tool for varietal protection 

to prove ownership or derivation of plant lines. Moreover, the analysis of genetic 

diversity and relatedness between or within different species, populations and 

individuals is a prerequisite towards effective utilization and protection of plant 
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genetic resources (Weising et al., 1995). For characterization and documentation, 

distinct morphological along with molecular has been used in 20 crop species 

including rice (Oryza sativa L.), wheat (Triticum aestivum), maize (Zea mays L.), 

barley (Hordeum vulgare), rapeseed (Brassica napus L.), soybean (Glycine max L.), 

potato (Solanum tuberosum L.) and other crops by Rahman et al. (2006). In 

Bangladesh, nine soybean cultivars were identified by microsatellite markers, which 

have provided identity and might work as protection (Islam et al., 2007). Thirteen 

maize cultivars were also characterized using microsatellite fingerprinting in 

combination with distinctness, uniformity and stability (DUS) test (Molla et al., 

2007) and 94 rice cultivars (Rahman et al., 2008). Based on that experience, the 

present study has been designed with 10 genotypes of summer chilli using the 

morpho-molecular traits i) to analyze genetic diversity and relationship among the 

genotypes, and ii) to identify distinct morphological characteristics along with 

establish allelic patterns to generate a reference database to support cultivar 

protection and settle possible commercial disputes as well as to guide breeding 

programmes and genetic resources of the species. 

MATERIALS AND METHODS 

Plant samples and extraction of genomic DNA 

Molecular diversity using SSR markers has been studied at the Molecular Biology 

Lab., Plant Genetic Resources Centre (PGRC) of Bangladesh Agricultural Research 

Institute (BARI), Gazipur. A total of 10 genotypes of summer growing chilli 

genotypes representing different geographical distribution were selected for the 

present study (Table 1). The genomic DNA was isolated from a bulk of three week 

old seedling leaf tissues taken from five plants from each genotype using SDS 

(Sodium dodecyl sulfate) and phenol: chloroform: IAA followed by alcohol 

precipitation described by Saghai-Maroof et al. (1984) and also used by Rahman et 

al. (2007) with some modifications.  

Quantification and optimization of DNA concentration 

Presence of genomic DNA was confirmed on 1% agarose gel qualitatively. The gels 

were visualized under UV light and photographed using photo documentation system 

(UV Transilluminator, Uvitec, UK). All of the DNA samples were found to be in 

good quality in this study. The amount of genomic DNA was quantified using UV a 

spectrophotometer (Spectronic
® 

GENESYS™ 10 Bio) at 260 nm. Using the 

absorbance reading the original DNA concentrations were determined according to 

the following equation: 

Before PCR amplification of DNA, the DNA concentrations were adjusted to 25 ng 

µl
-1

 using the following formula: S1 ×V1= S2 ×V2 Where, S1= Initial strength (ng µl
-

1
), V1= Initial volume (µl), S2= Final strength (ng µl

-1
) and V2= Final volume (µl) 
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Table 1. List of summer growing chilli genotypes used in this study with their 

collection sites in Bangladesh. 

Sl. No. Genotypes 
Location of collecting site 

(Upazila and District) 
Latitude (N) Latitude (E) 

01 IAH-160 Sadar, Gazipur 24° 0′ 90° 25.30′ 

02 IAH-164 Kaliakoir, Gazipur 24° 4.30′  90° 13.0′ 

03 AHM-206 Dhamrai, Dhaka 23° 54.30′  90° 13.0′ 

04 AHM-217 Dhamrai, Dhaka 23° 54.30′  90° 13.0′ 

05 AC-63 Shakhipur, Tangail 24° 19.9′  90° 10.20′ 

06 AC-312 Kaliganj, Gazipur 23° 55.30′   90° 34.01′ 

07 RAI-67 Hathazari, Chittagong 22° 30.13′   91° 48.27′ 

08 SRC-517 RSRC, BARI, Gazipur 24° 22.8′    88° 39.42′ 

09 BARI morich-2 RSRC, BARI, Gazipur 24° 22.8′    88° 39.42′ 

10 RI-1(6) Ramgarh, Khagrachori 22° 58.0′  91° 42.0′ 

Identification and selection of microsatellite or SSR primers 

Preliminarily, 50 microsatellite primer pairs were tested to identify discriminating 

alleles those are located in 12 chromosomes of chilli from different publications. 

Among them 39 were selected for their better responsiveness with clear and expected 

amplified product sizes which were used for microsatellite analysis in the present 

study (Table 2). 

PCR standardization and amplification  

The Polymerase chain reactions was set up 10 μl volumes containing 50 ng template 

DNA, 5X Green GoTaq® Reaction Buffer included 7.5 mM MgSO4,1.25 U μl
-1

 Taq 

DNA polymerase, 0.4 mM each of the deoxyribonucleotide triphosphate (dNTPs), 10 

μM of each of primer, 0.5% DMSO (dimethyl sulfoxide) and a suitable amount of 

sterile deionized water. SSRs were amplified under the following “touchdown” PCR 

conditions: 94
o
C for 3 min denaturation, 11 cycles of 94

o
C for 0.5 min, 58-60

o
C for 1 

min, decreasing by 1
o
C per cycle, and 72

o
C for 1 min; 30 cycles of 94

o
C for 0.5 min, 

52-55
o
C for 1 min and 72

o
C for 1 min; a final extension for 5 min. For checking 

amplification, the PCR products were electrophoretically resolved on 2% agarose gel 

in 1X TBE. 

Volume of distilled water (µl) 

Amount of DNA sample (µl) 
× Absorbance DNA conc. (ng µl

-1
) = × CF (0.05) × 1000 
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Electrophoretic separation and visualization of PCR products 

PCR-products were electrophoresed on a 5% denaturing polyacrylamide gel 

containing 19:1 acrylamide: bis-acrylamide, 10X TBE buffer, 10% APS and 

ultrapure Temed. Electrophoresis was done using the Triple Wide Mini-Vertical 

Electrophoresis System, MGV-202-33 (CBS Scientific, USA).  

Table 2. List of microsatellite primers used in this study 

Sl. Locus Primer sequence (5’-3’) 
Repeat 

motif 

Ann. 

T. 

Chr. 

no. 

Expected 

Size (bp) 
Reference 

1 CAMS-075 F: actaattacacattctgcat 

tttctc  

R: aggctcgagtaccacgaaga 

(tg)10 54
o
C 5 190 Minamiya

ma et al. 
(2006) 

2 CAMS-864 F:ctgttgtggaagaagaggaca  

R: gcttctttttcaacctcctcct 

(aga)32 54
o
C 7 222 

3 CAMS-880 F: gagccaagaaaaaggtggaa 

R: caactcatcgttcaacaacaca 

(gaa)12 53
o
C 6 237 

4 CAMS-065 F: ccagtctcatccagcagaca  

R: catatgctgctcctgcattc 

(ac)12 52
o
C  213 

5 CAMS-236 F: ttgtagtttgcgtaccatttga  

R: atgaatccagggttccacaa 

(ac)14a 

(ta)10 

54
o
C 2 191 

6 CAMS-885 F: aacgaaaaacaaacccaatca 

R: ttgaaattgctgaaactctgaa 

(gaa)28 53
o
C 2 248 

7 CAMS-647 F: cggattcggttgagtcgata  

R: gtgctttggttcggtctttc 

(tat)6tg 

(tta)3 

(tat)21 

54
o
C 3 221 

8 CAMS-855 F: aagtgtcaaggaaggggaca 

R: cctaaccacccccaaaagtt 

(agt)14a 

(gaa)9 

54
o
C 8 243 

Ann. T.: Annealing Temperature, Chr. no.: Chromosome number 

Scoring and analysis of microsatellite data 

A single genotypic data matrix was constructed for all loci. Statistics of genetic 

variation were calculated using allelic frequency estimates obtained from genotypic 

frequencies of SSR loci using the computer program POPGENE (Version 1.31) (Yeh 

et al., 1999). The polymorphism information content (PIC) of the SSR used or gene 

diversity value was calculated as PIC= 1- ΣXi
2
; Where, Xi is the frequency of the i-th   

allele of a particular locus. The software DNA FRAG version 3.03 was used to 

estimate allelic length (Nash, 1991). 
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RESULTS AND DISCUSSION 

Microsatellite polymorphism 

Microsatellite polymorphism subjected to 10 summer growing chilli genotypes were 

successfully amplified with the eight microsatellite primer pairs. Four typical SSR 

profiles are shown in Fig. 1 (A-D). Analysis of the variability parameters for the 

eight SSRs in the 10 summer chilli genotypes were shown in Table 1. A total of 30 

alleles with an average number of 3.75 alleles per locus were found in the present 

study. The number of alleles detected varied form three (CAMS-864, CAMS-880, 

CAMS-885) to five (CAMS-647). The allele sizes ranged from 160 (CAMS-075) to 

289 bp (CAMS-864) (Table 3). 

 

 

 

 

 

 

 

 

 

 

Figure 1. Microsatellite profiles of 10 summer chilli genotypes at locus CAMS-065 

(A), CAMS-075 (B), CAMS-236 (C) and CAMS-647 (D); M: Molecular 

wt. marker (100 bp DNA ladder) 

Lane 1: IAH-160, Lane 2: IAH-164, Lane 3: AHM-206, Lane 4: AHM-217, Lane 5: AC-63, 

Lane 6: AC-312, Lane 7: RAI-67, Lane 8: SRC-517, Lane 9: BARI morich-2, Lane 10: R-1(6) 

Hossain et al. (2014) evaluated the genetic diversity within 22 chilli germplasm by 

using four microsatellite markers and a total of 27 alleles were detected and the 

number of alleles per marker ranged from 4 to 13 (size range was 153-315 bp). 

Hanacek et al. (2009) assessed genetic diversity among 41 accessions of red pepper 

using eight microsatellite markers. The five polymorphic markers were amplified 

with two to eight alleles per locus. In total, 28 alleles with an average of 3.5 alleles 

per microsatellite locus were detected. The average numbers of 3.15 and 3.75 alleles 

per locus of the present study while compared with those of previous studies in chilli 

showed some variations. The possible reason for the variation might be due to the 

high number of diverse chilli genotypes used in this study. Observed number of 

alleles was higher for each locus which can be explained by high number of diverse 

chilli genotypes used. The observed differences allelic length for each locus indicated 
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the presence of broad genetic base among the chilli genotypes used in this study. The 

broad genetic base could be one of the reasons for the high yield of polymorphic 

markers as reported by Molla et al. (2015). 

Table 3.  Summary of genetic variation statistics for all loci used for 10 summer 

chilli genotypes analysis. 

Locus na* ne* 
Major allele 

frequency 
Ho* He* Nei* I* Fst Nm* 

CAMS-075 4 2.941 0.500 0.000 0.695 0.660 1.221 0.978 0.003 

CAMS-864 3 2.941 0.400 0.000 0.695 0.660 1.089 1.000 0.000 

CAMS-880 3 2.381 0.500 0.000 0.611 0.580 0.943 1.000 0.000 

CAMS-065 4 3.571 0.400 0.000 0.758 0.720 1.332 0.962 0.005 

CAMS-236 4 2.941 0.500 0.000 0.695 0.660 1.221 1.000 0.000 

CAMS-885 3 1.852 0.700 0.000 0.484 0.460 0.802 0.847 0.040 

CAMS-647 5 3.846 0.400 0.000 0.779 0.740 1.471 1.000 0.000 

CAMS-855 4 3.571 0.300 0.000 0.758 0.720 1.314 0.984 0.006 

Mean 3.750 3.006 0.463 0.000 0.684 0.650 1.174 0.971 0.007 

*na = Observed number of alleles, ne* = Effective number of alleles, Ho = Observed heterozygosity, He 

= Expected heterozygosity, Nei'* = Nei’s (1973) expected heterozygosity, I* = Shannon's Information 

Index, Nm* = Gene flow estimated from Fst = 0.25 (1 - Fst)/Fst, Fst = Genetic differentiation 

Expected heterozygosity (He, average 0.484) values for each SSR locus, considering 

all studied genotypes, were always higher than the observed heterozygosity (Ho), 

representing homozygous  individuals in population samples. The highest and lowest 

value of Shannon's Information Index was registered in the locus CAMS-647 and 

CAMS-885, respectively with their average value of 1.174. Genetic differentiation 

values were extended between 0.847 and 1 with an average of 0.971 and gene flow 

values ranged from 0.000 to 0.007 with an average of 0.007 (Table 3). Study results 

demonstrated comparatively higher level of genetic differentiation and low level of 

gene flow values in 10 chilli genotypes were indicative of diversity among the 

genotypes as most of the studied genotypes were of local origin/cultivars. 

The higher level of gene diversity [Nei's (1973) expected heterozygosity, average 

0.650] as observed in the present study has also been reported by Hossain et al. 

(2014) in chilli and in other crops viz., brinjal (Rahman et al., 2010), mung bean 

(Molla et al., 2016) and musk melon (Molla et al., 2017). The similarities of present 

study results with that of others might probably be due to the greater diversity of 

genotypes used in the present study. 
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Table 4.  Size and frequency of alleles and diversity index at eight SSR loci across 

10 summer chilli genotypes 

Locus Repeat Motif 
Allele 

sizes  (bp) 

Average allele 

sizes  (bp) 

Allele 

frequency 
PIC 

CAMS-075 (tg)10 

207 

184 

0.100 

0.660 
196 0.200 

174 0.500 

160 0.200 

CAMS-864 (aga)32 

289 

254 

0.300 

0.660 241 0.400 

232 0.300 

CAMS-880 (gaa)12 

228 

217 

0.100 

0.580 217 0.500 

205 0.400 

CAMS-065 (ac)12 

237 

216 

0.200 

0.720 
216 0.200 

207 0.200 

202 0.400 

CAMS-236 (ac)14a(ta) 10 

209 

195 

0.100 

0.660 
200 0.200 

192 0.500 

180 0.200 

CAMS-885 (gaa)28 

245 

225 

0.200 

0.460 219 0.700 

211 0.100 

CAMS-647 
(tat)6tg(tta)3…(tat) 

21 

240 

216 

0.100 

0.740 

227 0.200 

216 0.200 

209 0.100 

188 0.400 

CAMS-855 (gaa)28 

288 

255 

0.300 

0.720 
255 0.100 

243 0.300 

233 0.300 
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The PIC values for eight primers across 10 summer genotypes was obtained in the 

present study varied from 0.460 for CAMS-647 to 0.740 for CAMS-885, with an 

average value of 0.65. Allele frequency ranged from 0.1 to 0.7 with an average value 

of 0.267 (Table 4). All studied SSRs were polymorphic among chilli genotypes and 

informative for describing their genotypic variation (i.e., PIC values different from 

zero) (Table 4). Six of these SSRs were very informative with higher PIC values 

(>0.6) which was in accordance with the previous findings reported by Lee et. al. 

(2004), Minamiyama et al. (2006) and Mimura et al. (2012). Lower PIC values 

indicate the presence of closely related genotypes; while higher PIC values indicate 

the presence of diverse genotypes. High PIC values as observed might be due to use 

of di-nucleotide repeats and also due to genotypic differences as reported by Molla et 

al. (2010). 

Nei’s genetic distance between the genotypes 

Over all Nei’s genetic distance value ranged from 0.138 to 0.998 among 45 pairs 

resulting as a means of permutation combination of 10 summer chilli genotypes. 

Higher genetic distance values (>0.6) observed across 37 pairs where 12 pairs (IAH-

160 vs  IAH-164, AC-312, BARI morich-2, RI-1(6), RAI-67 vs IAH-164, AC-63, 

AC-312, RI-1(6) vs AHM-206, AC-63, AHM-217 vs AHM-206, AC-312 and BARI 

morich-2 vs AC-312) yielded the highest and two pairs (RAI-67 vs BARI morich-2 

and SRC-517) yielded the lowest genetic distance values. Others highest and lowest 

genetic distance values can be seen in the Table 5. 

Table 5.  List of genotype pairs of summer chilli showed higher and lower values of 

Nei’s (1972) genetic distance  

Sl.no. Genotype pair 

Genetic 

Distance 
(D) 

Sl.no

. 
Genotype pair 

Genetic 

Distance 
(D) 

1 IAH-164 vs IAH-160 0.998 24 BARI morich-2 vs AC-63 0.803 

2 AC-312 vs IAH-160 0.998 25 SRC-517 vs AC-312 0.803 

3 BARI morich-2 vs IAH-160 0.998 26 RI-1(6) vs AC-312 0.803 

4 RI-1(6) vs IAH-160 0.998 27 RI-1(6) vs RAI-67 0.803 

5 RAI-67 vs IAH-164 0.998 28 RI-1(6) vs BARI morich-2 0.609 

6 AHM-217 vs AHM-206 0.998 29 RAI-67 vs IAH-160 0.609 

7 RI-1(6) vs AHM-206 0.998 30 AHM-206 vs IAH-164 0.609 

8 AC-312 vs AHM-217 0.998 31 AC-63 vs AHM-217 0.609 

9 RAI-67 vs AC-63 0.998 32 RAI-67 vs AHM-217 0.609 

10 RI-1(6) vs AC-63 0.998 33 SRC-517 vs AHM-217 0.609 

11 RAI-67 vs AC-312 0.998 34 BARI morich-2 vs AHM-217 0.609 

12 BARI morich-2 vs AC-312 0.998 35 RI-1(6) vs AHM-217 0.609 
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Sl.no. Genotype pair 

Genetic 

Distance 
(D) 

Sl.no

. 
Genotype pair 

Genetic 

Distance 
(D) 

13 AHM-206 vs IAH-160 0.803 36 SRC-517 vs AC-63 0.609 

14 AHM-217 vs IAH-160 0.803 37 RI-1(6) vs SRC-517 0.609 

15 AC-63 vs IAH-160 0.803 38 AC-63 vs IAH-164 0.471 

16 SRC-517 vs IAH-160 0.803 39 RI-1(6) vs IAH-164 0.471 

17 AHM-217 vs IAH-164 0.803 40 AC-312 vs AHM-206 0.471 

18 SRC-517 vs IAH-164 0.803 41 AC-312 vs IAH-164 0.364 

19 BARI morich-2 vs IAH-164 0.803 42 BARI morich-2 vs SRC-517 0.364 

20 AC-63 vs AHM-206 0.803 43 AC-312 vs AC-63 0.276 

21 RAI-67 vs AHM-206 0.803 44 SRC-517 vs RAI-67 0.138 

22 SRC-517 vs AHM-206 0.803 45 BARI morich-2 vs RAI-67 0.138 

23 BARI morich-2 vs AHM-206 0.803 - - - - - 

From the difference between the highest and the lowest genetic distance values it was 

revealed that there was wide variability among studied chilli genotypes. However, 

closeness may be possible in the genetic makeup of the locus for which the primers 

were responsible to distinguish along with low variation also in the morphological 

traits and geographical sources. The highest genetic distance can be explained by the 

fact that local cultivars or land races collected from different location have been 

included in the study. The existing distance can further be used for inclusion of gene 

sources from the traditional varieties to HYVs, using the genetic fingerprinting and 

correlating the values with that of the morpho-physiological traits to find out the best 

performing varieties through appropriate breeding programmes. Information on 

variability expression rate through genetic distance based on morphological traits and 

geographical origin was also reported in previous investigations conducted by 

Rahman et al. (2010), Hossain et al. (2014), Molla et al. (2016) and Molla et al. 

(2017). 

Phylogenetic dendogram 

Unweighted Pair Group Method with Arithmetic Mean (UPGMA) dendogram 

depicted of 10 summer chilli genotypes based Nei’s (1972) genetic distance. The 

studied genotypes segregated generally into two main groups in where six genotypes 

gathered in group “A” while other four genotypes in group “B” (Fig. 2). All of 10 

summer chilli genotypes disseminated in different sub-clusters which might be 

possible due to higher genetic distance value (>0.6) as were observed in between 

82% genotypic pairs (Table 5). It was noticed that the highest genetic distance 

presenting genotypic pairs separated in different sub-clusters (Fig. 2 and Table 5). As 
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for instance, IAH-160 vs. IAH-164, AC-312, BARI morich-2, RI-1(6) and RAI-67 

got the highest genetic distance (Table 5) and in this aspect their geographical source 

was different with distinct morphological states like IAH-160 showed unique 

descriptor states regarding stem colour before and after transplanting as well as 

filament colour (Table 6). Moreover, geographical source was Sadar, Gazipur for the 

genotype IAH-160 whereas RAI-67 and RI-1(6) was originated from Hathazari, 

Chittagong and Ramgarh, Khagrachori, respectively (Table 1). On the other hand, 

RAI-67, SRC-517 and BARI morich-2 were grouped in same cluster because of 

lower genetic distance (0.138) as were observed between RAI-67 vs. SRC-517 and 

BARI morich-2 (Table 5). As BARI morich-2 is a released variety, there are 

possibilities that the farmers used to collect the BARI morich-2 and grew in their 

areas with some modifications of the traits and or the collected source genetic 

materials of BARI morich-2 could have originally came from that base source which 

was close to the other one. This is why the morphological variation was evident 

among the three genotypes (Table 6). Results of the present study and those reported 

by Rahman et al. (2010), Hossain et al. (2014), Molla et al. (2016) and Molla et al. 

(2017) suggested that genetic distance value separated the genotypes in different sub-

clusters where such values depend on their morphological characters as got selected 

in different geographical locations. 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2.  UPGMA dendrogram based on Nei’s (1972) genetic distance, 

summarizing the data on differentiation between 10 summer chilli 

genotypes according to microsatellite analysis 
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Table 6. Distinctness of 10 summer chilli genotypes based on qualitative traits  

Sl. 

no. 
Genotype Leaf shape Leaf color 

Filament  

color 
Corolla color Fruit shape Fruit position 

1 
BARI 

morich-2 
Ovate Green White Light yellow Triangular Inserted 

2 SRC-517 Ovate Dark green White Light yellow Elongate Same level 

3 AHM-217 Ovate Purple White White Elongate Same level 

4 RAI-67 Ovate Purple White Light yellow Elongate Same level 

5 AC-63 Ovate Purple White White Elongate Same level 

6 AC-312 Ovate Dark green White 
White with 

purple margin 
Elongate Exerted 

7 IAH-160 Deltoid Purple Purple Light yellow Triangular Exerted 

8 AHM-206 Lanceolate Purple green White White Elongate Exerted 

9 IAH-164 Ovate Purple White White Elongate Same level 

10 RI-1(6) Ovate Purple green White White Elongate Inserted 

CONCLUSION 

It can be concluded from this study that a comparative evaluation of the repeatability 

of molecular markers has been performed in order to ascertain the genetic diversity 

among summer growing chilli genotypes in Bangladesh. The study also indicated that 

10 genotypes derived from different origin which were identified as diversified and 

could be utilized in breeding programme for traits of interest. SSR markers have 

proven to be effective tools for molecular genetic analysis of chilli cultivars for plant 

breeding programs in order to evaluate the existing genetic diversity.  
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ABSTRACT 

The research was conducted during the Rabi season of 2019-2020 on 32 
genotypes of French bean (Phaseolus vulgaris L.) to evaluate genetic 
variability, correlation coefficient and path coefficient. The genotypes 
were studied for 13 different characters of growth and yield attributing 
characters in Randomized Block Design with three replications for each 
genotype. All characters recorded higher PCV value over GCV thereby 
indicating the influence of environmental factors in their expression. High 
heritability observed in all the characters studied and high heritability 
coupled with high genetic advance found in the parameters viz. number 
of pods per plant, average pod weight, 100 seed weight and pod yield 
per plant. Correlation coefficient analysis showed pod yield had 
significant and positive correlation with number of pods per plant, pod 
length, average pod weight and 100 seed weight. Path analysis revealed 
that maximum positive direct effect w.r.t pod yield per plant was brought 
about by the parameters viz. 100 seed weight, days taken to marketable 
maturity, number of seeds per pod, number of pods per plant, average 
pod weight, pod width and pod length hence, should be given more 
importance for genetic improvement to bring about an increase in overall 
production of french bean through enhanced pod yield per plant.  

Keywords: Correlation coefficient, French bean, Genetic variability, 

Heritability, Path analysis. 

INTRODUCTION 

French bean (Phaseolus vulgaris L.) also called as kidney beans or snap beans 

belongs to the family Leguminoseae and most of whose members acquire the 

nitrogen they require through an association with Rhizobia, species of nitrogen-fixing 

bacteria. French bean has a chromosome number of 2n=22. The center of origin is 

                                                           
* Corresponding author: ashwiniagrian1992@gmail.com 

 

Received: 08.10.2022  Accepted:  17.11.2022 



84 Murry et al. 

believed to be in South Mexico and Central America (Jones, 1999). It is a herbaceous 

annual plant and cross-pollinated. All varieties of French bean bear alternate, green 

or purple leaves, which are divided into three oval, smooth-edged leaflets, each 6-

15cm long and 3-11cm wide. The white, pink, or purple flowers are about 1cm long 

and they give way to pods 8-20cm long and 1- 1.5cm wide. The beans are smooth 

plump, kidney-shaped up to1.5cm long and range widely in color and are often 

mottled in two or more color. In India the production is at 1.977mt with an area of 

0.197mha with a productivity of 10.35 t/ha whereas for the state of Nagaland, it has 

an area of 0.47 lakh ha with a production of 5.62 lakh tonnes and the productivity 

higher than the national productivity at 11.96 t/ha (NHB, 2018). French bean is said 

to have a high protein content (23.9%) and good source of vitamin A and C, Folic 

acid, Fibre and helps in reducing risk of cardiovascular diseases. French bean in 

Hindi is also known as Rajma (dried seeds) and in Nagaland it is called as Kholar. 

Nagaland is blessed with diverse agro-climatic condition just like India and has a 

scope for growing all types of vegetables. Likewise, Nagaland has the potential to be 

leading producer of French bean in the country if provided with high yielding and 

suitable cultivar for this region. 

The potential of french bean as fresh vegetable is not exploited and is still insufficient 

to meet the domestic needs of the people. High yield can be achieved by selection of 

characters that have high heritability coupled with genetic advance. Selection of one 

trait invariably affects a number of associated traits which evokes the necessity of 

determining interrelationships of various yield components among them and with 

yield. Yield is a composite character and dependent upon a number of ascribes. For 

an effective selection, it is essential to have the association of various attributes with 

yield and yield attributing characters. Estimation of correlation coefficient among the 

yield contributing characters is necessary to understand the direction of selection and 

maximize yield in the shortest period. Path coefficient provides an efficient way of 

entangling direct and indirect causes of association of selection and measures the 

relative importance of each causal factor. Varietal performance of French bean varies 

from place to place due to the varied agro-climatic conditions and does not remain 

same for all the regions. Considering all the above mentioned facts, a pertinent need 

was felt to undertake an experiment on the performance of French bean genotypes by 

calculating the genotypic correlations and determining the indirect effects of 

component characters on yield in French bean under foothill condition of Nagaland. 

Thus, the present study was conducted as to identify the characters which need to be 

considered for yield related breeding aspects. 

MATERIALS AND METHODS 

The experiment was carried out in the experimental farm of School of Agricultural 

Sciences and Rural Development, Medziphema campus, Nagaland University, 

Nagaland during October, 2019 to January, 2020. The site of the experiment is 

situated at  20°45'43'N latitude and 93°53'04'E latitude at an elevation of 305m above 
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mean sea level bearing sub-tropical climate. The materials for the experiment 

comprising of 32 lines/genotypes of french bean is maintained viz. NUFB-1, NUFB-

2, NUFB-3, NUFB-4, NUFB-5, NUFB-6, NUFB-7, NUFB-8, NUFB-9, NUFB-10, 

NUFB-11, NUFB-12, NUFB-13, NUFB-14, NUFB-15, NUFB-16, NUFB-17, 

NUFB-18, NUFB-19, NUFB-20, NUFB-21, NUFB-22, NUFB-23, NUFB-24, 

NUFB-25, NUFB-26, NUFB-27, NUFB-28, NUFB-29, NUFB-30, NUFB-31 and 

NUFB-32. All thirty two varieties were evaluated in Randomized Block Design 

(RBD) with three replications. Seeds were sown on 23
rd

 of October, 2019 in the plot 

size of 2 m x 2 m at the depth of 5 cm with a spacing of 50cm x 10cm, recommended 

cultural practices and plant protection measures were followed. 10 plants are 

randomly selected from each plot of every replication and tagged for further data 

recording and mean value have been calculated. The observations were for days 

taken to flowering, days taken to 50% flowering, days taken to marketable maturity, 

number of pods per plant, pod length (cm), pod width (cm), number of seeds per pod, 

average pod weight (g), 100 seed weight (g), pod yield per plant (g), pod yield per 

plot (kg) and pod yield per hectare (q). The biochemical observations were taken for 

total soluble solids (%) using hand refractometer, ascorbic acid (mg/100g) by 

titration method, (Ranganna, 1995) and protein (%) by the Micro-Kjeldahl method is 

according to AOAC (2000). The data recorded for investigation were analyzed 

heritability in broad sense, genetic advance, genotypic and phenotypic correlation 

coefficients and path coefficient analysis using R- statistical software. 

RESULTS AND DISCUSSION 

Genetic variability, heritability and genetic advance 

The variability analysis were done for the 13 characters where it was found that 

genotypic coefficient variability (GCV) for all the characters studied was lower when 

compared to their corresponding phenotypic coefficient variability (PCV) thereby 

indicating environmental influence over their expressions as shown in table 1. 

Similar findings were reported by Ghimire and Mandal, 2019 and Basavaraja et al., 

2021. However, the difference between the GCV and PCV in the present 

investigation were found out to be minimal thereby suggesting that the environmental 

influence over the genotypes was near stable (Panchbhaiya et al., 2017). It is 

estimated that highest genotypic and phenotypic coefficient of variation was 

observed for pod yield per plant (34.93 and 34.98, respectively) followed by number 

of pod per plant (34.69 and 34.79, respectively) while lowest GCV and PCV were 

recorded for days taken to marketable maturity (6.98 and 7.16, respectively). It is not 

always true that high heritability would always exhibit high genetic advance. Hence, 

that heritability in combination with genetic advance would be more reliable for 

predicting effects of selection because genetic advance depends on amount of genetic 

variability; magnitude of masking effect of genetic expression (environmental 

influence) and intensity of selection. However, it is not necessary that a character 

showing high heritability will also exhibit high genetic advance (Johnson et al., 
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1955). The present study, estimates of high heritability was exhibited by no. of pods 

per plant (99.45) followed by no. of seeds per pod (99.32) and highest genetic 

advance mean (%) were obtained from no. of pods per plant (71.22) followed by Pod 

yield /plant(g) (70.88) as shown in Table 1. High heritability, along with high genetic 

advance as percent over mean, indicated inheritance of those characters is controlled 

mainly by additive genes and selection based on phenotypic performance may prove 

useful which will further help in improvement of their performance and these traits 

may be used as selection criteria in French bean breeding program.  

Correlation coefficient 

It is necessary to know the correlation of yield with its economically important 

component for making selection in a breeding. It provides advantages of adequate 

selection i.e. more than one character at a time in advance generations. Correlations 

between character pairs are due to the linkage of genes or pleiotropy of genes. 

Therefore, selection of one trait influences the other linked or pleiotropically affected 

traits. Hence, direct selection for yield may not be effective. So, it would be 

necessary to have an adequate knowledge about the correlation studies in the plant 

improvement because they are helpful in making an effective selection. In general, 

the magnitude of genotypic correlation coefficient was lesser than the corresponding 

values of the phenotypic correlation coefficient. This indicates that the expressions of 

character associations had been influenced by the environment and the apparent 

association may not be largely due to genetic reason. The difference between 

genotypic and phenotypic correlation was low, indicating that the environmental 

effects did not have much influence on these characters.  

The current study revealed that pod yield per plant showed significant and positive 

correlation association at genotypic and phenotypic level with number of pods per 

plant (0.7792 and 0.7794, respectively), pod length (0.4711 and 0.4729, 

respectively), number of seeds per pod (0.3985 and 0.4005, respectively), average 

seed weight (0.4323 and 0.4364, respectively) and 100 seed weight (0.4087 and 

0.4107, respectively) as shown in Table 2 and Table 3. Similar findings, for number 

of seed per pod, 100 seed weight and pod length was given by Aklade et al. (2018), 

for pod length by Rai et al. (2006), for number of pods per plant by Samal et al. 

(1995) and for number of pods per plant, number of seeds per pod and pod length by 

Mishra et al. (2008). 

Path coefficient analysis 

Path coefficient analysis has been carried out to analyze the direct and indirect effect 

of causal factors which affect the yield. It is simply standardized partial regression 

coefficient which splits the correlation coefficient into the measures of the direct and 

indirect effects of a set of independent variables on the dependent variable. The 

present study on path coefficient analysis revealed that the maximum negative direct 
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Table 1. Genetic parameters for yield and yield attributing traits of 32 french bean genotypes. 

Parameters Mean 
Range 

Heritability  

(%) 

Coefficient of variation 
Genetic 

Advance 

Genetic Advance 

value % means 
Min. Max. GCV (%) PCV (%) 

Days taken to 1st flowering 46.13 37.98 54.30 96.61 8.56 8.70 7.99 17.32 

Days taken to 50% flowering 50.54 39.98 58.33 96.86 8.92 9.07 9.14 18.09 

Days taken to marketable maturity 58.43 49.98 66.37 94.98 6.98 7.16 8.18 14.01 

No. of pods per plant 9.39 4.00 16.18 99.45 34.69 34.79 6.69 71.27 

Pod length 13.63 9.06 18.14 99.19 18.37 18.45 5.14 37.70 

pod width 1.50 1.11 1.93 98.43 13.99 14.10 0.43 28.60 

No.of seeds per pod 5.60 3.98 8.12 99.32 20.08 20.15 2.31 41.22 

Average pod weight 10.97 6.75 15.89 99.17 21.69 21.78 4.88 44.49 

100 seed weight (g) 42.31 30.45 61.22 99.31 19.98 20.05 17.35 41.01 

Total soluble solids (%) 5.04 3.53 6.75 99.30 19.00 19.07 1.96 39.01 

Ascorbic acid (mg/100g) 58.14 49.99 65.21 95.57 7.63 7.81 8.93 15.37 

Protein(%) 9.07 7.34 10.86 98.16 11.93 12.04 2.21 24.34 

Pod yield /plant(g) 100.93 34.31 156.00 99.12 34.93 34.98 72.54 70.88 
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Table 2. Estimates of genotypic correlation among 13 characters in French bean genotypes 

Characters 

Days taken 

to 1st 

flowering 

Days taken 

to 50% 

flowering 

Days taken 

to 

marketable 

maturity 

No. of 

pods/plant 

Pod Length 

(cm) 

Pod 

width(cm) 

No. of 

seeds/pod 

Average 

pod weight 

(g) 

100 seed 

weight (g) 
TSS (%) 

Ascorbic 

acid 

(mg/100g) 

Protein (%) 

Days taken to 1st flowering                         

Days taken to 50% flowering 0.9782 ** 
           

Days taken to marketable maturity 0.9557 ** 0.9758** 
          

No. of pods/plant 0.0492 NS 0.0181NS 0.0323 NS 
         

Pod length (cm) 0.1864 NS 0.1652NS 0.1611 NS -0.1049 NS 
        

Pod width(cm) -0.0069 NS 0.0551NS -0.0152 NS -0.3857 * 0.1263NS 
       

No. of seeds/pod 0.1868 NS 0.1764NS 0.2307 NS -0.13 NS 0.8725** 0.0615 NS 
      

average pod weight(g) 0.0011 NS 0.0165NS 0.0143 NS -0.1835 NS 0.9141** 0.2216 NS 0.7877 ** 
     

100 seed weight(g) 0.182 NS 0.1717NS 0.2261 NS -0.1199 NS 0.8735** 0.058 NS 0.9995 ** 0.7859 ** 
    

TSS (%) 0.4312 * 0.3786* 0.3624 * 0.2057 NS -0.103 -0.185 NS -0.2023 NS -0.1638 NS -0.2048 NS 
   

Ascorbic acid (mg/100g) -0.42 * -0.37766 -0.3662 * -0.2166 NS 0.1075NS 0.2063 NS 0.2276 NS 0.1556 NS 0.2314 NS -0.9798 ** 
  

Protein (%) -0.2622 NS -0.222 -0.2215 NS 0.1059 NS 0.0074NS -0.0458 NS -0.0107 NS -0.0949 NS 0.0016 NS -0.2346 NS 0.236 NS 
 

Pod  yield/plant (g) 0.0383 NS 0.0132NS 0.0285 NS 0.7792 ** 0.4711** -0.2389 NS 0.3985 * 0.4323 * 0.4087 * 0.0522 NS -0.0625 NS 0.0209 NS 

Note: * and **: indicated significant at 5% and 1%level of probability, respectively. NS indicates non-significant. 
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Table 3.  Estimates of Phenotypic correlation among 13 characters in French bean genotypes 

 

Days taken 

to 1st 

flowering 

Days taken 

to 50% 

flowering 

Days taken 

to 

marketable 

maturity 

No. of 

pods/plant 

Pod Length 

(cm) 

Pod 

width(cm) 

No. of 

seeds/pod 

Average pod 

weight (g) 

100 seed 

weight (g) 
TSS (%) 

Ascorbic 

acid 

(mg/100g) 

Protein 

(%) 

Days taken to 1st flowering 1 **            

Days taken to 50% flowering 0.9789 ** 1 **           

Days taken to marketable maturity 0.9567 ** 0.9756 ** 1 **          

No. of pods/plant 0.0596 NS 0.0287 NS 0.0453 NS 1 **         

Pod Length (cm) 0.1988 NS 0.1776 NS 0.1762 NS -0.0988 NS 1 **        

Pod width(cm) 0.0154 NS 0.0751 NS 0.0122 NS -0.3744 ** 0.1356NS        

No. of seeds/pod 0.1979 NS 0.1873 NS 0.2422* -0.1243 NS 0.8734** 0.0705 NS 1 **      

Average pod weight (g) -0.0052 NS 0.0101 NS 0.0062 NS  -0.1843 NS 0.9032** 0.2147 * 0.7787 ** 1 **     

100 seed weight (g) 0.1931 NS 0.1828 NS 0.2377* -0.1142 NS 0.8744** 0.0671 NS 0.9995 ** 0.7769 ** 1 **    

TSS (%) 0.4375 ** 0.3858 ** 0.3703** 0.2095 * -0.0958NS -0.1731 NS -0.1944 NS -0.1656 NS -0.1968NS 1 **   

Ascorbic acid (mg/100g) -0.3654 ** -0.3265 ** -0.3022* -0.1983 NS 0.1232NS 0.2252 * 0.2387 * 0.1446 NS 0.2425* -0.9378 ** 1 **  

Protein (%) -0.2309 * -0.1931 NS -0.184NS 0.1128 NS 0.0192NS -0.029 NS 0.4004 NS -0.0987 NS 0.0126NS -0.2208 * 0.2568 * 1 ** 

Pod yield/plant (g) 0.0461 NS 0.0213 NS 0.0382NS 0.7794 ** 0.4729** -0.2312 * 0.4005 ** 0.4364 ** 0.4107** 0.0558 NS -0.0513 NS 0.027 NS 

Note: * and **: indicated significant at 5% and 1%level of probability, respectively. NS indicates non-significant. 
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Table 4.  Direct (diagonal) and indirect effect of various characters on pod yield in french bean genotypes. 

Characters 

Days taken 

to 1st 

flowering 

Days taken 

to 50% 

flowering 

Days taken to 

marketable 

maturity 

No. of 

pods/plant 

Pod Length 

(cm) 

Pod 

width(cm) 

No. of 

seeds/pod 

Average pod 

weight (g) 

100 seed 

weight (g) 
TSS (%) 

Ascorbic 

acid 

(mg/100g) 

Protein 

(%) 

Pod 

yield/plant 

(g) 

Days taken to 1st flowering -0.89992 -1.07945 0.49871 -0.0572 -0.00767 -0.00082 0.24989 -0.0005 -0.33108 0.52571 -0.54946 -0.04261 0.08359 

Days taken to 50% flowering 0.8803 -0.11035 0.50921 -0.02107 -0.00679 0.00655 0.23595 -0.00724 -0.31245 0.46151 -0.49389 -0.03611 0.02894 

Days taken to marketable maturity 0.86003 -1.07679 0.22185 -0.0376 -0.00663 -0.0018 0.30856 -0.00627 -0.4113 0.44185 -0.47899 -0.036 0.06216 

No. of pods/plant 0.04423 -0.01997 0.01686 0.11638 0.00431 -0.04586 -0.17388 0.08045 0.21814 0.25078 -0.28339 0.01721 1.70178 

Pod length (cm) 0.16777 -0.1823 0.08408 0.12208 0.04113 0.01502 1.16689 -0.40085 -1.5892 -0.12655 0.14064 0.0012 1.02896 

Pod width(Cm) -0.00621 -0.06077 -0.00791 0.44885 -0.00519 0.11891 0.08219 -0.09718 -0.1055 -0.2255 0.26979 -0.00745 -0.5217 

no of seeds/pod 0.16815 -0.19469 0.1204 0.15132 -0.03589 0.00731 0.33737 -0.34542 -1.81833 -0.24667 0.29773 -0.00173 0.87029 

average pod weight(g) 0.00102 -0.01821 0.00746 0.21351 -0.0376 0.02635 1.05342 0.43853 -1.42983 -0.19972 0.2036 -0.01543 0.95307 

100 seed weight(g) 0.16377 -0.18952 0.11797 0.13954 -0.03593 0.0069 1.33663 -0.34464 0.18193 -0.24964 0.30271 0.00027 0.89272 

TSS(%) 0.38806 -0.41774 0.18913 -0.2394 0.00427 -0.02199 -0.27059 0.07184 0.37253 -0.12195 -1.28173 -0.03812 0.11397 

Ascorbic acid(mg/100g) -0.378 0.41664 -0.19108 0.25213 -0.00442 0.02452 0.30439 -0.06825 -0.42101 -1.19457 -0.13081 0.03835 -0.1366 

Protein(%) -0.23595 0.24521 -0.11559 -0.12325 -0.0003 -0.00545 -0.01427 0.04163 -0.003 -0.28597 0.3087 -0.16251 0.04574 

Pod yield/plant(g) 0.03444 -0.01462 0.01485 -0.9068 -0.01938 -0.0284 0.53289 -0.19136 -0.74361 0.06362 -0.08181 0.0034 0.71413 

Residual value= 0.1087 Note: * and **: indicated significant at 5% and 1%level of probability, respectively. NS indicates non-significant. 
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effect on yield plant
-1 

was exhibited by days taken to 1st flowering (-0.89992), days 

taken to 50% flowering (-0.11035), ascorbic acid (-0.13081), TSS (-0.12195) and 

protein% (-0.16251). Lyngdoh et al. (2017) also reported similar findings for 

negative direct effect of days taken to 1st flowering on pod yield. Whereas, positive 

direct effect on pod yield were seen in 100 seed weight (0.18193), days taken to 

marketable maturity (0.22185), number of seeds per pod (0.33737), number of pods 

per plant (0.11638), average pod weight (0.43853), pod width (0.11891) and pod 

length (0.04113) as shown in the table 4. Similar reporting of positive direct effect on 

pod yield by number of seeds per pod and pod width were given by Aklade et al. 

(2018). Hence, purposeful and balanced selection based on these particular characters 

would be rewarding for improvement in French bean genotypes and thereby 

confirmed the past findings (Kanaujia et al., 2017). 

CONCLUSION 

The present study has recorded significant agro-morphological variation in the 

genotypes which shows that there is sufficient variation for selection of suitable 

genotypes for various production systems. The variability observed in floral 

characters and pod yield could be utilized in variety improvement programs. Traits 

like number of pods per plant, pod length, number of seeds per pod, average pod 

weight and 100 seed weight which exhibited desirable association w.r.t pod yield per 

plant should be given more importance for genetic improvement to bring about an 

increase in overall production of french through enhanced pod yield per plant. It 

would therefore, be rewarding to lay stress on these characters in hybridization 

program for further improvement of yield and related characters in French bean. 

Future research work should focus on the agronomic management and evaluation of 

genotypes across a range of environments to identify and select location- specific and 

widely adaptive genotypes. 
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ABSTRACT 

Though the production of maize and the area under cultivation has accelerated, 

the rate of increase in production is not satisfactory due to its increasing demand 

with the continuous expansion of the dairy and poultry sectors in Bangladesh. 

The intended study aimed to identify the factors affecting the production of 

maize and whether the resources were utilized optimally in the production 

process. Required data were gathered from 130 maize growers, who were taken 

through simple random sampling from two districts, Manikganj and Rajshahi, of 

Bangladesh, through the interview with a pretested questionnaire. The impact of 

several factors on the productivity of maize was computed with the help of the 

Cobb-Douglas production function. The study revealed a significant positive 

impact of seed, land preparation, fertilizer and water management on the final 

output of maize. Although maize cultivators earned a decent profit, inefficient 

uses of resources were practiced. Seed and fertilizer were underutilized while 

labour was over-utilized in the production process. The sampling frame was 

selected purposively to represent the intensive maize producing area. Farmers 

shifted to maize cultivation progressively, but the high price of seeds, natural 

calamities and low price of grains may affect production in future. 

Keywords: BCR, Cobb-Douglas, Problems, Profitability, Resource use 

efficiency. 

INTRODUCTION 

Bangladesh is predominantly the ninth most populous agrarian country in the world 

with a total population of 162.7 million (BER, 2019).  Agriculture is not only a 

claimant of ensuring food and nutritional security but also acts as a key driver in 

generating employment, developing human resources and alleviating poverty. The 
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country possesses about 26.40% of its inhabitants in the countryside with an overall 

growth rate and density of population 1.37 and 1103, in 2017 (BER, 2019). The 

contribution of the agriculture sector to the betterment of such an enlarged population 

is beyond explanation since it creates employment opportunities for almost 40% of 

the manpower of the country (BER, 2019). Among the three broad sectors such as 

agriculture, industry and service sectors, the growth of agriculture increased to 4.19% 

of GDP. Although the share of other sub-sectors of agriculture (livestock, fisheries, 

and forestry) is maintaining an increasing trend, the share of the crops’ sub-sector is 

conspicuous with 7.51% of GDP (BBS, 2018). 

Over the years, the country is going through an era of increased food grains 

production. Though the country was able to produce 413.25 lakh metric tons (MT) of 

food grain, among the total cropped area, only 2.2% of the land was utilized for 

maize production (BER, 2019). On the other hand, rice production was dominant 

which occupied 74.85% of cultivated land (BBS, 2018). Maize (Zea mays) is one of 

the oldest, versatile photo-insensitive crops with the highest grain yield and is 

popular for multiple uses (Rahman et al., 2016). Maize is a promising crop due to its 

increasing importance in accelerating agricultural growth in Bangladesh (Rahman 

and Rahman, 2014). Developing countries utilize maize mainly as livestock feed and 

as a raw material for industrial products (Sadiq et al., 2013). Bangladesh has 

experienced explosive growth in the production of maize (Rahman and Rahman, 

2014) from 1972 to 2018. Total maize cropped area and production of maize has 

increased from only 2654 ha to 400469 ha and 2249 t to 3288102 MT respectively 

from 1972 to 2018 (BBS, 2018). The dramatic increase in yield rate has been noticed 

from 0.85 t/ha to 8.3 t/ha which was almost ten times to the previous rate during the 

same period. Considering yield rate, maize (8.3 t/ha) ranked first among the cereals 

followed by Boro (dry winter) rice (4.1 t/ha) and wheat (3.2 t/ha) respectively (BBS, 

2018). According to the Planning commission (2011), yearly more than 80 thousand 

hectares (1% annually) of arable land is being converted to non-agriculture purposes 

in Bangladesh. Though the total area under maize production is increasing gradually, 

the rate of increase is not satisfactory at all due to the increased demand of maize in 

the ever-expanding dairy (Uddin et al., 2011) and poultry (Begum et al., 2010) 

sectors in this country. Previous studies revealed that the production of maize is more 

profitable than rice (Hussain et al., 1995) and hybrid maize seed production was 

profitable too (Haque et al., 2012). Ali et al. (2009) revealed the expansion of maize-

rice cropping systems as the demand and value of maize have been increasing for 

poultry feed in Bangladesh. Though the optimum use of input along with an 

appropriate growing period is important, hybrid maize has the prospects to provide a 

higher return to investment (Karim et al., 2010). According to Uddin et al. (2013), 

medium-scale maize farmers were able to accumulate greater profit compared to their 

small and large counterparts. However, Alam et al. (2016) represented that higher 

profit was earned by large-scale farming than small and medium-scale maize 

cultivation. 
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Though a handful number of studies were conducted on maize, most of the relevant 

studies were assessed the situation at least a decade ago and the recent explosive 

growth of maize yield remained unrevealed. The study was designed to assess present 

scenario and the crucial factors that affect the yield of maize. It aimed to analyze 

whether resources were optimally used in the production process. The study also 

provided insights into problems faced by maize farmers that may curtail the total 

national maize production if not addressed properly.  

MATERIALS AND METHODS 

The national production of rabi-maize increased by 16% whereas production 

increased by around 29% and 38% in Manikganj and Rajshahi districts respectively 

from 2016 to 2018. Notably, the area under rabi-maize cultivation increased by 

around 15% and 25% in Manikganj and Rajshahi districts (BBS, 2019b). The 

purposively selected sampling frame represented these areas where maize cultivation 

was intensive. Generally, 60 samples can be considered as representative (Poate and 

Daplyn, 1993). A total of 130 maize farmers were selected randomly as samples for 

the study from two districts. From each district, two sub-districts (Upazilas) were 

selected, and farm-level data were collected, through the interview method with 

pretested questionnaires from 65 maize growers from each sub-district, from 

September to December, 2018. Data were edited, coded and inserted in the computer 

using the Microsoft Excel and analyzed with MS Excel and SPSS software. 

Profitability Analysis 

In calculating profit, the cost-return assessment of a farm is crucial. Total cost (TC) is 

the aggregated value of the variable and fixed costs where the total variable cost 

(TVC) included the cost of land preparation, human labour, seed, fertilizers, 

pesticides, and water management. Since all of the operating costs were not 

employed at a single point in time but rather incurred over the crop growing season, 

interest on operating capital (IOC) was included in TVC. For this survey, IOC was 

calculated for months considering a 10% annual interest rate. Therefore, the 

following formula was applied while computing IOC: 

         

Where,    = Interest on operating capital, i= Interest rate, AI= Aggregate investment 

/ 3, t = Overall duration of a cycle. 

Considering the opportunity cost of using land, per hectare for the cropping period of 

four months land use cost was estimated as fixed cost. Gross return is the summation of 

the monetary value of the final product, which is the multiplication of the aggregate 

amount of the final product with the average unit price of that product, and by-product. 

Gross margin is the difference between gross return and variable cost. Net return or 

profit was calculated by subtracting the aggregate cost of production from aggregate 

return.  



96 Sampa et al. 

Therefore, the profitability was assessed using the following equation: 

                   
 
                                                          (1) 

Where,   = Profit for producing maize (Tk/ha), Pr = Average unit price of maize (Tk 

/kg), Qr = Aggregate amount of maize produced (kg/ha), Pb= Price of by-products 

(Tk/kg), Qb= Aggregate amount of by-products (kg/ha), Pxi= Price of the i
th
 variable 

(Tk/kg), Xi = Aggregate amount of the i
th
 variable (kg/ha), i = 1, 2, 3………..n, and 

TFC = Total fixed cost. 

Notable, one of the most important criteria for measuring profitability is the average 

return accumulated from the production process investing each taka is termed as 

benefit-cost ratio (BCR). Undiscounted BCR was calculated by dividing aggregate 

return by aggregate cost. 

                        
 
                                                   (2) 

Production Function 

The Cobb-Douglas regression model was applied to find out the factors affecting 

maize production. The prime concern was to assess the impact of the essential 

variables producing maize. Hence, the production function is as follows: 

       
    

    
    

    
                                                                      (3) 

To conduct the desired analysis, the designated function was transformed into the 

logarithmic form: 

                                                   (4) 

Where, ln represents natural logarithm, Y is the yield of maize (kg/ha), X1 is the 

amount of seed (kg /ha), X2 is land preparation cost (Tk/ha), X3 is the number of 

labour (Man days /ha), X4 is the amount of fertilizer (kg /ha), X5 is the cost of 

irrigation (Tk/ha), β0 is constant or intercept, β1 to β5 are coefficients of the adopted 

explanatory variables, and Ui represents the error term. 

Resource Use Efficiency 

The ratio of marginal value product (MVP) to the marginal factor cost (MFC) for 

each input is considered as the resource use efficiency. The marginal productivity of 

an input represents the addition to total yield due to a one unit increase of that 

particular resource, while other resources remain constant. The MVP is the marginal 

physical product (MPPxi) times the per unit price. The MPPxi is the ratio of the 

geometric mean of output and input times the coefficient of respective input. The 

calculations are as follows: 

                                                                                         (5) 

But,                                                                                  (6) 

So,                                                                              (7) 
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Where, βi indicates the regression coefficients, and Yg, Xg, Pyi, and MFC denote the 

geometric mean of maize yield (kg/ha), the geometric mean of inputs (kg/ha), price 

of per unit of output (Tk/kg), and per unit price of inputs (Tk/kg) respectively. 

The values of resource-use efficiency (RUE) are 1, < 1 and > 1 indicating optimal 

utilization, overutilization and under-utilization respectively. 

RESULTS AND DISCUSSION 

The outcome of the survey 

Most of the maize farmers were middle-aged in both districts. Whereas, the average 

age of summer maize farmers was about 41years (Rahman and Rahman, 2013). More 

educated maize farmers were found in Manikganj than in Rajshahi district and the 

average level of education was 3.06 and 2.15 respectively where 1, 2, 3, 4, 5, and 6 

indicated illiterate, literate, primary, secondary, higher secondary and degree or 

above the level of schooling respectively. A similar result was found for rice farmers 

(Rahman, 2003). Farmers of the Rajshahi district had 35.55 years of farming 

experience while it was 31.16 years for Manikganj. Notably, the farmers were more 

experienced than the findings of Rahman and Rahman (2013).  Though extension 

service, training and credit facilities were inadequate in both areas, 68% of farmers 

from Rajshahi and 57% of farmers in Manikganj district were extension service 

recipients which were higher than the findings of Rahman (2003). Manikganj was 

ahead in terms of training received by farmers compared to the other region. 

Nearness to the capital city has an impact on the training facility. Situation was 

different for the availability of loans. Though a sufficient amount of funds was a 

crucial factor for maize farming, most of the farmers didn’t have credit facilities. 

They invested their own funds for maize cultivation. The average size of land owned 

by a family was higher in Rajshahi as most of the households had fruit orchards. 

Hoever, more land was employed in maize farming in Manikganj than Rajshahi. The 

number of people living together with the same head of the family was considered as 

family size. The average family size was 5.37 and 4.74 in Manikganj and Rajshahi 

which were larger than the national average family size of 4.06 (BBS, 2019a) (Table 

1).  

Profitability of Maize Production 

The yield was higher in Rajshahi (8771.27 kg/ha) compared to Manikganj (8352.37 

kg/ha) which was similar to the national yield rate (BBS, 2018). The requirement of 

labour was more in Rajshahi compared to Manikganj for per hectare of land which 

were 112.63 and 108.49 man-days respectively. Farmers of Rajshahi used more urea 

and MoP but less TSP compared to Manikganj. However, the amount of fertilizers 

used by maize farmers in both districts were higher than the recommended doses, 

151-225 kg urea, 41-60 kg TSP and 81-120 kg MoP per hectare, for cultivating maize 

in low-quality soil in Bangladesh (Ahmmed et al., 2018) (Table 2). 
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Table 1. Summery statistics  

Variables Unit Manikganj (n=65) Rajshahi (n=65) 

Mean SD Mean SD 

Age  Years 50.24 13.74 50.28 10.88 

Education Dummy  3.06 1.29 2.15 1.16 

Experience Years 31.16 14.43 35.55 11.27 

Extension facility Dummy  0.57 0.50 0.68 0.47 

Training facility Dummy  0.45 0.50 0.34 0.48 

Availability of loan Dummy  0.31 0.46 0.48 0.50 

Land ownership Ha  0.60 0.68 1.48 1.39 

Land under maize  Ha  0.14 0.13 0.17 0.13 

Family Size No of person 5.37 2.14 4.74 1.25 

Family Member 
Engaged in Agriculture 

No of person 

 

1.40 0.75 1.16 0.41 

Source: Field survey, 2018. 

Table 2. Per hectare amounts and prices of items. 

Items Unit Manikganj Rajshahi 

Amount 

(unit/ha) 

SD Price 

(Tk./unit) 

Amount 

(unit/ha) 

SD Price 

(Tk./unit) 

Yield kg 8352.37 971.30 15.73 8773.21 828.55 15.87 

Seed kg 18.50 3.33 422.92 19.79 3.17 403.23 

Labour Man days 108.49 9.04 459.08 112.63 8.61 269.66 

Urea  kg 253.85 30.73 16.21 278.1645 41.85 16.78 

TSP kg 121.90 31.88 23.54 112.61 40.75 23.75 

MoP kg 241.52 36.21 18.12 267.05 43.58 15.11 

Source: Field survey, 2018. US$1=BDT 83.60 in 2018. SD stands for standard deviation. 

The average variable costs were 90476.16 and 74723.21 Tk/ha in Manikganj and 

Rajshahi districts respectively. The wage rate was higher in Manikganj than in 

Rajshahi. Labour costs was the major portions of variable costs which were 49814.48 

Tk/ha and 30743.80 Tk/ha and responsible for 42.51 and 31.56% of total costs at 

Manikganj and Rajshahi respectively. The result is consistent with recent findings in 

Bangladesh (Adnan et al., 2021a) which claim labour costs accounted for one-third of 

total costs. The rental value of land was higher in Manikganj due to its proximity to 

the capital city compared to Rajshahi. According to the maize farmers of Manikganj 

and Rajshahi, the total fixed costs were found to be 26715.15 and 22684.85 Tk/ha, 

respectively (Table 3).  
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Table 3. Costs and returns of maize cultivation in two areas. 

 Manikganj Rajshahi 

Items of Cost Cost (Tk/ha) % Total 

Cost 

Cost (Tk/ha) % Total Cost 

Land preparation  7243.03 6.18 8852.85 9.09 

Human labour  49814.48 42.51 30743.80 31.56 

Seed  7773.69 6.63 7959.65 8.17 

Urea  4117.55 3.51 4670.23 4.79 

TSP  2868.73 2.45 2687.14 2.76 

MoP  3604.89 3.08 4032.32 4.14 

Cost of Insecticides  1111.72 0.95 354.67 0.36 

Cost of Irrigation  11023.48 9.41 13012.12 13.36 

A. Total Operating Cost (TOC)  87557.57 74.71 72312.78 74.24 

Interest on operating capital @ of 

10% for months  

2918.59 2.49 2410.43 2.47 

B. Total Variable Cost (TVC)  90476.16 77.20 74723.21 76.71 

The rental value of land  26715.15 22.80 22684.85 23.29 

C. Total Fixed Cost (TFC)  26715.15 22.80 22684.85 23.29 

D. Total cost (B+C)  117191.31 100 97408.06 100 

Source: Field survey, 2018. 

Farmers earned comparatively higher returns in Rajshahi  and  BCR was greater too 

than the values found in Manikganj. Gross return, gross margin and net return were 

Tk154407.10, Tk79683.89, and Tk56999.04 per ha in Rajshahi, whereas 

Tk148201.16, Tk57725.00, and Tk31009.85 per ha in Manikganj respectively. The 

results supported previous studies (Rahman and Rahman, 2013). BCRs were 1.26 and 

1.59 for both districts, respectively. That is, by investing one taka in maize 

production, farmers could generate Tk1.26 and Tk1.59 in these two regions 

respectively (Table 4). The findings were consistent with similar studies 

(Moniruzzaman et al., 2009; Rahman and Rahman, 2014). Therefore, maize cultivation 

is profitable in Bangladesh which supports previous findings (Rahman, 2003; 

Rahman et al., 2016).  
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Table 4. Gross margin and benefit: cost ratio (undiscounted) of maize production. 

Items  Manikganj Rajshahi 

Average yield (kg/ha) 8352.37 8773.21 

Gross Return (Tk) 148201.16 154407.10 

Gross Margin (Tk) 57725.00 79683.89 

Net Return (Tk) 31009.85 56999.04 

BCR (undiscounted)  1.26 1.59 

Source: Field survey, 2018. 

Factors Affecting the Yield of Maize 

The impact of explanatory variables on maize-yield was estimated with the help of 

the Cobb–Douglas production function. The most dominant factor, seed, has a 

positive effect on yield, implying that a 1% increase in the seed would increase maize 

production by 0.38% (Table 5).  

Table 5. The estimated value of coefficients of the Cobb-Douglas production 

function. 

Variables  Coefficients Standard Error T-stat P-value 

Intercept (β0) 5.26*** 0.53 9.94 0.00 

Amount of Seed (β1) 0.38*** 0.05 7.66 0.00 

Cost of Land preparation (β2) 0.07* 0.04 1.85 0.07 

Number of Labor (β3) -0.02NS 0.09 -0.17 0.86 

Amount of Fertilizer (β4) 0.24*** 0.07 3.38 0.00 

Cost of Irrigation (β5) 0.06** 0.02 2.35 0.02 

R Square 0.6994 

Adjusted R Square 0.6873 

Return to scale  0.73 

F- ratio 57.70*** 

Source: Field survey, 2018. 

Notes: (a) ***, ** and * indicate significance at 1%, 5% and 10% levels, respectively. 

           (b) NS: Not significant. 

A significant positive impact of seed on onion-yield was available (Anik et al., 2017). 

The significant positive impacts of fertilizer, land preparation, and irrigation were 

identified on the output of maize. Therefore, by increasing those factors by 1%, the yield 

of maize could be increased by 0.26, 0.07 and 0.06%, respectively. The relationship here 

was in line with Karim et al. (2010) who presented similar relationship of those variables 

on the return from maize production.  Nevertheless, the estimated insignificant negative 
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coefficient of labour contradicted with the earlier study (Karim et al., 2010). The 

summation of the coefficients of all inputs of maize production was 0.73 which exhibited 

decreasing returns to scale as found by Gani and Omonona (2009). The coefficient of 

multiple determination (R
2
) was 0.6994 which indicated that other things remaining the 

same, the explanatory variables included in the function could explain about 69.94% 

variability of maize-yield. The highly significant F-value (57.70) justified the importance 

of the explanatory variables in the model for explaining the variability of the output 

(Table 5). Although seed and fertilizer were underutilized in the maize production, 

overutilization of labour was observed (Table 6) which were consistent with previous 

studies (Awunyo-Vitor et al., 2016). 

Table 6. Estimated resource use efficiency in maize production. 

Variables GM MVP MFC RUE Comment 

Seed 18.88 2711.72 413.08 6.56 Underutilized 

Labor 110.17 -19.38 364.37 -0.05 Over utilized 

Fertilizer 632.88 51.56 17.57 2.93 Underutilized 

Source: Field survey, 2018 

Problems of maize cultivation 

Problems of maize cultivators were assessed and ranked based on their severity. The 

high price of seeds was a major hindrance to 73.85% of respondents which supports 

findings of Moniruzzaman et al. (2009). Farmers were the worst sufferer of the effect 

of climate change which was the second most severe problem (Table 7).  

Table 7. Problems of maize production in the study areas. 

Type of Problems  No. of 

farmers  

Percentage of farmers  Rank  

The high price of seeds 96 73.85 1
st
 

Natural Calamities 93 71.54 2
nd

 

Low price of grains 78 60.00 3
rd

 

Lack of credit facility 62 47.69 4
th

 

Lack of irrigation facilities 56 43.08 5
th

 

The high price of fertilizers 53 40.77 6
th

 

Lack of Quality Seed 46 35.38 7
th

 

Inadequate extension service 27 20.76 8
th

 

Lack of suitable land 18 13.85 9
th

 

Lack of Scientific Knowledge 15 11.54 10
th
 

Source: Field Survey, 2018 
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With increasing national yield, the low price of grains appeared as a crucial reason 

for the reluctance in maize farming. Maize production is capital intensive. Although 

various factors influenced farmers’ adoption decision of credit (Adnan et al., 2021b), 

credit unavability was severe problem to 48% of farmers. Cultivable land is 

decreasing and farmers applied a high amount of fertilizer to obtain the expected 

yield rate. Consequently, the cost of fertilizers increased. About 35% of farmers 

didn’t have the access to quality seeds. A few farmers (about 21%) reported that they 

didn’t receive the required extension services regarding improved cultivation 

methods. Few growers (11.54%) had little knowledge of the right doses and methods 

of using modern inputs and technologies. A lack of knowledge of farmers was 

identified earlier (Hasan, 2008; Moniruzzaman et al., 2009). 

CONCLUSION 

The study areas had tremendous potential for maize cultivation since maize 

cultivation was profitable in these areas. By optimizing input use, farmers could 

decrease the cost of production to some extent and increase the production. Hence, it 

is necessary to make them aware of the efficient use of resources. There are huge 

opportunities to encourage farmers in investing more in maize cultivation by 

minimizing the constraints they faced. Otherwise, those problems may create 

unbeatable hurdles in flourishing the maize-yield in future. The impact of new 

technology adoption, to ensure optimization of resource use, on welfare of the maize 

farmers can be explored. 
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ABSTRACT 

Napier (Pennisetum purpureum) fodder is an important fodder supporting 
livestock systems in Bangladesh. Using gamma irradiation, we 
developed 48 Napier fodder mutants which were analyzed through 
morpho-molecular characterization. Among 48 Napier fodder mutants, 41 
mutants were originated by applying radiation (20Gy, 30Gy, 40Gy and 
50Gy) on them. The Napier mutants showed variations in survival rate 
and fresh weight. The survival rate (0-75%) was observed, 20Gy treated 
plants produced higher fresh weight in Napier-2, Napier-3, Rokona, 
Markiron grasses; whereas 30Gy treated plants produced higher fresh 
weight in Napier-1, Napier-4 and Pakchong. The total of the alleles found 
in molecular characterization were 17 and the mean number of allele per 
locus was 3.4. The PIC value ranged from 0.3047 to 0.6587 having an 
average of 0.4704 per locus. The highest gene diversity (0.7101) was 
observed in primer Xipes0093, and the lowest gene diversity (0.3750) 
was observed in primer PSMP2255, having an average diversity of 
0.5286. Pair wise genetic distance values ranged (0.0-1.0) with highest 
between Napier-2 40Gy vs (Napier-1control, Napier-2 20Gy Napier-2 
30Gy), Napier -3 control, vs (Napier-1control, Napier-2 20Gy Napier-2 
30Gy), Napier- 3 20Gy vs (Napier-1control, Napier-2 20Gy Napier-2 
30Gy) ,(Napier-3 20Gy, Napier-3 30Gy Napier-1 20Gy, Napier-3 50Gy) 
vs (Napier -2 20Gy, Napier-3 control, Napier-3 20Gy) etc. The UPGMA 
displayed five major clusters including sub-clusters. Cluster 5 included 
the highest number of genotypes (21) and cluster 3 included the lowest 
number of genotypes (2). The results may be useful for future breeding 
program for Napier fodder development. 

Keywords: Gamma Irradiation, Fodder mutants, SSR-Markers, Morpho-

Molecular Characterization, Gene Diversity. 
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INTRODUCTION 

Feed shortage is the major reason for low productivity of livestock in Bangladesh. 
Approximately 8% of total protein for human consumption comes from livestock. 
Growing forage with a high yield potential and good quality is important to overcome 
limited supply of roughage during annual drought and reduce the amounts of 
concentrate needed for cattle farming in the tropics (Kamal et al., 2016). The demand 
of fodder production is increasing today because there is a limited listed livestock 
feed resource in the country. Animal in Bangladesh mainly survives on the common 
local grasses that are not available throughout the year.  Developing of different high 
yielding fodder variety that it will be able to give a better nutrition to the livestock. 
The country quantitively requires 49 million tons DM of roughage and 24 million 
tons of concentrate in a year (Huque et al., 2014) and meets only 56.4% and 20%, 
respectively of their requirements.  

Napier grass or "elephant grass" or "Sudan grass" which is scientifically known as 
Pennisetum purpureum grass, can produce lots of high-protein forage. It is a deep-
rooted high yielding perennial bunch that is native to eastern and central Africa 
(Boon man, 1993) and grows rapidly in Southeast Asia also. It grows in tropical and 
sub-tropical regions with a wide range of annual moisture from 750 to 2,500 mm 
rainfall and in altitudes ranging from sea level to altitudes of over 2100 m, but frost 
appears to limit its cultivation above this altitude (Skermanand Riveros, 1990). 
Napier is a perennial grass and its excellent characteristics like drought tolerance, 
wide range of soil conditions, high photosynthetic and water-use efficiency 
(Anderson et al., 2008), now it is regarded as the forage of choice not only in the 
tropics but also worldwide (Hanna et al., 2004). Though it is rain friendly but due to 
its drought-tolerant, it can also grow well in drier areas. It does not grow well in 
waterlogged areas. It can be grown along with fodder trees field boundaries or along 
contour lines or terrace risers to help control erosion. It can be intercropped with 
crops such as legumes and fodder trees, or as a pure stand. 

Mutation breeding is one of the oldest methods in plant breeding to generate mutants 
with desirable traits. Physical mutagens such as gamma irradiation are widely used to 
produce mutants in different crops. Gamma irradiation has also succeeded in forage 
grasses and turf grasses. Gamma irradiation used in seeds and other planting 
materials such as cuttings, pollen, or tissue cultured Calli (Beyaz and Yildi, 2017).  

Morphological markers were the earliest used in germplasm management and were 
fully exploited in Mendelian era. Molecular markers do not have such limitations and 
can be used to detect variation at the DNA level and have proven to be effective tools 
for distinguishing between closely related genotypes (Edwards et al., 1991). It’s also 
essential for mapping genes of interest, marker-assisted breeding, and cloning genes 
using mapping-based cloning strategies (Hayashi et al., 2004). The use of molecular 
markers for tracking of loci and genome regions is now prominent among crop 
breeders with a large number of molecular markers linked to disease resistance traits 
available in most major crop species (Jain et al., 2002; Gupta and Varshney, 2004). 
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Among these available molecular markers, SSR is one of the most widely used 

microsatellite marker which also known as microsatellites DNA marker. In comparison 

to multi-locus markers, microsatellites have the advantage of their locus specificity, co-

dominant nature, high polymorphism, and reproducibility (Powell et al., 1996). In 

addition, their detection can be easily automated (Hernandez et al., 2002).   

In the current study, SSR markers were used to assess the genetic diversity of Napier 

fodder mutants. The specific objectives of the study were to identify the effect of 

gamma-ray irradiation on Napier fodder crops, detect the genetic variation and 

determine genetic relationship among Napier fodder mutants.  

MATERIALS AND METHODS 

Gamma Irradiated for Napier fodder  

Seven Napier cultivars namely: Napier-1, Napier-2, Napier-3, Napier-4, Rokona, 

Pakchong and Markiron grasses were collected from Bangladesh Livestock Research 

Institute (BLRI), Savar, Dhaka. Twenty-eight double node cuttings from each 

cultivar were irradiated in different dozes (20Gy, 30Gy, 40Gy and 50Gy) using 
60

Co 

source in Bangladesh Institute of Nuclear Agriculture (BINA). Control node cuttings 

were not irradiated. These irradiated cuttings were transplanted at 60cm x 60cm plant 

to plant and row to row distance along with control. Irrigation and fertilizer were 

applied as and when necessary. 

DNA amplification with microsatellite markers and gel electrophoresis 

The primers which were previously developed for pearl millet (Allouis et al., 2001; 

Budak et al., 2003; Mariac et al., 2006) and demonstrated to be transferable to Napier 

fodder mutants (Azevedo et al., 2012) were used for genotyping (Table 1).  

Table 1.  List of primers for PCR (finger printing) analysis of Napier genotypes. 

Sl. 

No. 

Primer Name Sequence Base Annealing 

Temp. (
0
C) 

1 CTM10_F 

CTM10_R 

GAGGCAAAAGTGGAAGACAG 

TTGATTCCCGGTTCTATCGA 

20 

20 

53 

2 CTM12_F 

CTM12_R 

GTTGCAAGCAGGAGTAGATCGA 

CGCTCTGTAGGTTGAACTCCTT 

22 

22 

52 

3 PGIRD25_F 

PGIRD25_R 

CGGAGCTCCTATCATTCCAA 

GCAAGCCACAAGCCTATCTC 

20 

20 

54 

4 PSMP2255_F 

PSMP2255_R 

CATCTAAACACAACCAATCTTGAA 

C TGGCACTCTTAAATTGACGCAT 

25 

22 

52 

 

5 Xipes0093_F 

Xipes0093_R 

GGATCTGCAGGTTTGGACAT 

CCAAGCACTGAAACATGCAC 

20 

20 

52 
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Genomic DNA Isolation  

Genomic DNA was extracted from the collected samples following the cetyltrimethyl 

ammonium bromide (CTAB) method (Doyle and Doyle, 1987), at the Laboratory of 

Biotechnology division, BINA, Mymensingh. The PCR conditions were as initial 

denaturation at 94ºC for 5 min, 35 cycles denaturation at 94ºC for 45 seconds, 

annealing at respective temperature of individual primer for 1 min, Polymerization at 

72ºC for 1 min, repeating steps 2-4 for 35 times and incubation at 72ºC for 5 minutes. 

Data scoring and analysis 

The statistics including the number of alleles per locus, major allele frequency, gene 

diversity and PIC values were determined using POWER MARKER version 3.23 

(Liu and Muse, 2005), a genetic analysis software. Molecular weights for 

microsatellite products, in base-pairs, were estimated with Alpha Ease 4C software. 

The individual fragments were assigned as alleles of the appropriate microsatellite 

loci. The PIC or expected heterozygosity for each SSR marker was calculated based 

on the formula Hn= 1-Pi
2
, where Pi is the allele frequency for the i

th
 allele (Nei et al., 

1983). The 48 genotypes were clustered based on the matrix of genetic similarities 

using UPGMA. The cluster analysis and dendogram construction were performed 

with NTSYS-PC (version 2.1).  

RESULTS AND DISCUSSION 

Morphological characterization of 48 Napier fodder genotypes 

We observed survival percentage varied due to the effect of different dose of gamma 

rays. It ranged from (0-75%) and the control has the highest survival rate (75% in 

Napier-1 control). Among the mutants, highest survival rate has recorded in Napier-1 

20Gy (64%), Napier-1 30Gy (57%), Napier-3 30Gy (53%) and Napier-4 30Gy 

(50%). Most of the cuttings didn’t survive in higher radiation dose like 40Gy and 

50Gy (Table 2). Variations were observed in all the doses of gamma irradiations. The 

likelihood to get putative and desirable mutants in 20Gy, 30Gy and 40Gy of Gamma 

rays; but some bushy and dwarf type mutants could be found in 50Gy as well. It was 

found that out of 7 fodder cultivars, 20Gy treated plants produced higher fresh weight 

in Napier-2, Napier-3, Rokona, Markiron grasses; whereas 30Gy treated plants 

produced higher fresh weight in Napier-1, Napier-4 and Pakchong. They produced 

higher fresh weight than those of control plants (parents) except in few cases (Table 

3).  
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Table 2. Effect of Gamma radiation dose on survival of different fodder crops 

Name of fodder Radiation dose 

(Gy) 

No. cutting 

irradiated 

Cutting 

survived 

Survival (%) 

Napier-1 20 28 18 64 

30 28 16 57 

40 28 06 21 

50 28 04 14 

Control 28 21 75 

Napier-2 20 28 11 39 

30 28 06 21 

40 28 07 25 

50 28 05 17 

Control 28 16 57 

Napier-3 20 28 07 25 

30 28 15 53 

40 28 07 25 

50 28 03 10 

Control 28 14 50 

Napier-4 20 28 00 00 

30 28 14 50 

40 28 04 14 

50 28 00 00 

Control 28 17 60 

Rokona 20 28 08 28 

30 28 03 10 

40 28 00 00 

50 28 00 00 

Control 28 05 17 

Pakchong 20 28 04 14 

30 28 01 04 

40 28 01 04 

50 28 00 00 

Control 28 05 17 

Markiron 20 28 11 39 

30 28 03 10 

40 28 00 00 

50 28 00 00 

Control 28 06 21 
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Table 3.  Effect of radiation in fresh weight (Mean±SE) of fodders in three different 

cutting  

Name of 

fodder 

Radiation dose 

(Gy) 

1
st 

cutting fresh 

wt. (g) 

2
nd

 Cutting 

fresh wt. (g) 

3
rd

 cutting 

fresh wt. (g) 

Napier-1 20 664±52 864±54 1422±110 

30 1106±90 1250±50 2678±125 

40 620±30 810±54 1050±63 

50 248±20 400±43 640±55 

Control 1044±60 1170±76 2460±170 

Napier-2 20 1860±75 1569±86 3686±123 

30 988±65 1280±55 1752±58 

40 470±30 685±38 1760±74 

50 366±30 589±45 380±23 

Control 3475±150 3070±124 3052±110 

Napier-3 20 3206±122 3480±134 6440±189 

30 2260±105 2170±97 4480±112 

40 1048±75 876±57 4690±196 

50 478±35 654±45 4100±156 

Control 4248±250 3900±215 5520±210 

Napier-4 20 - - - 

30 1600±85 1400±77 3674±185 

40 715±45 870±65 3500±153 

50 - -  

Control 1300±60 1250±75 2336±120 

Rokona 20 2498±126 2800±154 3838±223 

30 875±25 750±33 1510±61 

40 - - - 

50 - - - 

Control 1047±54 1250±65 1386±62 

Pakchong 20 643±27 860±35 1860±72 

30 1100±55 1380±64 2275±78 

40 200±25 245±32 525±41 

50 - -  

Control 636±35 867±44 1430±54 
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Name of 

fodder 

Radiation dose 

(Gy) 

1
st 

cutting fresh 

wt. (g) 

2
nd

 Cutting 

fresh wt. (g) 

3
rd

 cutting 

fresh wt. (g) 

Markiron 20 587±53 878±65 2144±78 

30 450±45 540±65 860±62 

40 - - - 

50 - - - 

Control 91.67 7.36 36.05 

These present studies reported that the survival rate of the fodder is varied compare 

to the doses of irradiation like Napier-1 20Gy (64%), Napier-1 30Gy (57%) and 

Napier-3 30Gy (53%) have better survival rate compare with their controls. On the 

other hand, fresh weight of Napier fodder has the effect on radiation doses, the 

highest fresh weight was recorded 20Gy, 30Gy (expect Napier-4 20Gy) and the 

lowest was 40Gy and 50Gy doses, some bushy and dwarf type mutants could be 

found. Mutlu et al. (2015) performed on experiment that Bermuda grass irradiated 

with 70, 90 or 110Gy using a 
60

Co source to measure and determine variations in 

morphologically and characteristically. Survival rates of stolons exposed to 70, 90 

and 110Gy were 76%, 43% and 17% respectively, 6 weeks after treatment. Dosages 

of 85 and 57Gy were determined as LD50 and LD20 for the cuttings, respectively. A 

total of four mutant lines (0.3 % of the irradiated plants) showed a distinct dwarfed 

growth habit. Three of these lines were originated from 70Gy and one from 110Gy. 

These mutant lines exhibited more dwarf growth habit, higher shoot density, finer 

leaf texture than parental genotype. It was observed in both studies that higher the 

doses of radiation lower the rate of survival and dwarfed growth habit. 

Molecular characterization of 48 Napier fodder genotypes 

Five SSR loci were used to study diversity in 48 Napier fodder genotypes. The results 

that were obtained from the experiments using microsatellite markers on 48 Napier 

crops are mentioned below (Fig. 1- 3) 

 

Figure 1. Microsatellite profile of 48 Napier genotypes (41 mutants and 7 controls) 

at locus CTM 12 
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Figure 2.  Microsatellite profile of 48 Napier genotypes (41 mutants and 7 controls) 

at locus PSMP2255 

 

Figure 3.  Microsatellite profile of 48 Napier genotypes (41 mutants and 7 controls) 

at locus Xipes0093 

Here, M= 100bp ladder,  1= Napier- 1 control ,  2= Napier- 1 20Gy, 3= Napier- 1 20Gy,  4= Napier - 1 
30Gy,  5= Napier-1 30Gy,  6= Napier-1 40Gy,  7= Napier-1 50Gy,  8= Napier-2  control,  9=Napier-2 
20Gy,  10= Napier-2 20Gy,  11 = Napier -2 30Gy,  12= Napier-2 30Gy,  13= Napier-2 40Gy,  14= 
Napier-2 50Gy,  15= Napier-3  control, 16= Napier-3 20Gy, 17= Napier-3 20Gy, 18= Napier-3 
30Gy,19= Napier-3 30Gy, 20= Napier-3 40Gy,  21= Napier-3 50Gy, 22= Napier-4 control, 23= Napier-
4 20Gym ,  24= Napier-4 20Gy,  25= Napier-4 30Gy,  26= Napier-4 30Gy,  27= Napier-4 40Gy,  28= 
Napier-4 50Gy,  29= Rokona– control, 30= Rokona- 20Gy, 31= Rokona- 20Gy, 32= Rokona- 30Gy, 
33= Rokona- 30Gy, 34= Rokona- 40Gy,  35= Rokona- 50Gy,  36= Pakchong- control,  37= Pakchong- 
20Gy,  38= Pakchong- 20Gy,  39= Pakchong- 30Gy,  40-Pakchong- 30Gy , 41-Pakchong- 40Gy,  42-
Pakchong- 50Gy , 43-Markiron– control, 44=Markiron- 20Gy,   45= Markiron- 20Gy ,  46=Markiron- 
30Gy,  47=Markiron- 40Gy,  48=Markiron- 50Gy 

Size of alleles  

In case of PGIRD25, allele size was 160-168bp, CTM 10, CTM 12, PSMP2255, 

Xipes0093 displayed the range 163-202bp. 294-296bp, 218bp, 110-116bp, 

respectively (Table 4). 

Major allele frequency  

The allele with the highest frequency is termed as major allele or most common allele 

at each locus can be defined as major allele, among all mutants, on an average 61% 

of them shared a common major allele ranging from 40% (Xipes0093) to 75% 

(PSMP2255) at each locus (Table 4).  

100 

200 

300 

100 

200 
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Gene diversity  

The highest gene diversity (0.7101) was observed in Xipes0093 and the lowest gene 

diversity (0.3750) was observed in PSMP2255, having an average diversity of 

0.5286. It was found that marker detecting the higher number of alleles showed 

higher gene diversity, on the other hand lower number of alleles expressed lower 

gene diversity (Table 4).  

PIC value  

Polymorphism information content (PIC) value is a reflection of allele diversity and 

frequency among the mutants. PIC value of each marker can be determined on the 

basis of its allele. PIC varied significantly for all the studied SSR loci. In this study, 

the level of polymorphism among 48 Napier fodder mutants was evaluated by 

calculating PIC values for each of the 5 SSR loci. The highest PIC values ranged 

from 0.3047 to 0.6587 having an average of 0.4704 per locus. The highest PIC value 

was 0.6587 for Xipes0093 and the lowest was 0.3047 for PSMP225 and (Table 4). 

Table 4.  Data of allele size, major allele frequency, allele number, heterozygosity, 

gene diversity and PIC value found among 48 Napier genotypes (41 

mutants and 7 control) for five SSR markers. 

Marker Allele  

Size (bp) 

Major Allele 

Frequency (%) 

Allele 

No 

Heterozygocity Gene 

Diversity 

PIC 

PGIRD25 160-168 69 4 0.0000 0.4783 0.4314 

CTM -10 163-202 56 3 0.0000 0.5877 0.5224 

CTM -12 294-296 67 3 0.0000 0.4922 0.4347 

PSMP2255 218 75 2 0.0000 0.3750 0.3047 

Xipes0093 110-116 40 5 0.0000 0.7101 0.6587 

Mean  61 3.4 0.0000 0.5286 0.4704 

Based on SSR marker 48 Napier genotypes analysis using UPGMA 

Dendogram based on Nei's (1983) genetic distance using UPGMA indicated 

differentiation of the 48 Napier mutants by five SSR markers. The UPGMA cluster 

analysis led to the grouping of 48 Napier genotypes in five major clusters at 60% cut 

off. (Fig. 4).  In Cluster-1, ten mutants namely: Napier-2 40Gy, Napier-3 control, 

Napier-3 20Gy, Pakchong-control, Rokona-40Gy, Rokona-50Gy, Napier-2 30Gy, 

Napier-2 50Gy, Pakchong-20Gy, Pakchong-20Gy clustered together and they were 
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grouped in same category in molecular analysis. Cluster-2 consisted of eleven 

mutants of Napier namely Napier-2 20Gy, Napier-2 20Gy, Napier-2 30Gy, Napier-1 

30Gy, Napier-2 control, Napier- 1 control, Napier- 1 20Gy, Napier-1 20Gy, Napier-1 

30Gy, Napier-1 40Gy, Napier-1 50Gy. Cluster-3 comprised of two mutants of Napier 

and they were Markiron- 20Gy, Markiron- 40Gy. Cluster-4 consisted of four mutants 

of Napier namely: Markiron- control, Napier-3 30Gy, Markiron- 30Gy, Markiron - 

50Gy. Cluster-5 showed 2 sub clusters (5A, 5B), sub cluster 5A comprised of six 

mutants namely: Pakchong- 30Gy, Pakchong 40Gy, Rokona- 30Gy, Pakchong- 

30Gy, Pakchong- 50Gy, Markiron- 20Gy. Sub cluster 5B contained fifteen mutants 

Napier-4 20Gy, Napier-4 20Gy, Rokona- 20Gy, Rokona- 20Gy, Rokona- 30Gy, 

Napier-3 20Gy, Napier-3 30Gy, Napier-3 40Gy, Napier-3 50Gy, Napier-4 control, 

Napier-4 30Gy, Napier-4 30Gy, Napier-4 40Gy, Napier-4 50Gy, Rokona–control. 

 

Figure 4. UPGMA Dendogram of 48 Napier fodder genotypes based on Nei’s Genetic 

Distance Genetic characterization of cultivars is an important step in any breeding 

programme for selection of appropriate parental lines (Zhang et. al., 2009). Several 

DNA marker systems for germplasm genetic characterization are available but 

SSRs have been found most adequate in detecting relationships among populations 

as well as obtaining specific genetic fingerprints.  

  

5A 
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In order to detect the genetic diversity of Napier genotypes, PCR based microsatellite 

marker analysis was done. There are a total of 17 alleles amplified from 5 loci of 

Napier fodder genotype (Pennisetum purpureum) ranging from 1 to 3. The average 

number of alleles per locus was 3.4 (Table 5); Negawo et al. (2018) conducted an 

experiment with 171 genotypes and 20 microsatellite primer pairs they reported that 

The number of alleles for the EMBRAPA active gene bank collection, and the ILRI 

gene bank collection per marker ranged from 1 to 15 and 1 to 22 with averages of 

4.65 and 7. Both collections (EMBRAPA and ILRI) were combined and noted that 

the number of alleles per marker ranged from 1 to 23 with an average of 7.45, which 

is higher than this present study. These differences might be due to different 

genotypes of Napier, geographical environment, different microsatellite markers and 

different experimental set up. 

The genetic distances and genetic identity were computed by Nei's (1983) genetic 

distance. Genetic identity, which estimated the proportion of genes that were 

identical in two mutants and genetic distance which estimated the proportion changed 

gene that had occurred in the separate evolution of two mutants. The higher is the 

genetic distance; the lower is the genetic identity. Results of pair wise comparison 

showed the highest genetic distance (1.0) between Napier-2 40Gyvs (Napier-

1control, Napier-2 20Gy Napier-2 30Gy), Napier-3 control, vs (Napier-1control, 

Napier-2 20Gy Napier-2 30Gy), Napier-3 20Gy vs (Napier-1control, Napier-2 20Gy 

Napier-2 30Gy), (Napier-3 20Gy, Napier-3 30Gy Napier-1 20Gy, Napier-3 50Gy) vs 

(Napier-2 20Gy, Napier-3 control, Napier-3 20Gy) etc.  and the lowest genetic 

distance value (0.0) was observed in Napier-2 30Gy vs Napier-2 20Gy, Napier-2 

50Gy vs Napier-2 30Gy, Napier-1 20Gy vs Napier-1 Control, (Napier-3 40Gy, 

Napier-3 50Gy Napier-4 control vs Napier-3 20Gy, Napier-3 30Gy, Napier-3 30Gy) 

(Table 5) A genetic distance of zero means that there are no differences in the two 

results and there is an exact match. Okukenu et al. (2020) showed that the population 

of P. purpureum are closely related and have a recent ancestor. The results of Nei’s 

genetic distance measurement of the nine populations as collected from the nine 

locations showed that there was a phylogenetic relationship between the P. 

purpureum populations, considering a population as clones from the same place of 

collection. 
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Table 5. Summary of genetic distance values among 48 Napier genotypes using five 

SSR markers (1
st
 part) 

 

 

Here, 1= Napier-1 control ,  2= 

Napier-1 20Gy, 3= Napier-1 

20Gy,  4= Napier-1 30Gy,  5= 

Napier-1 30Gy,  6= Napier-1 

40Gy,  7= Napier-1 50Gy,  8= 

Napier-2  control,  9=Napier-2 

20GY,  10= Napier-2 20GY,  11 

= Napier -2 30GY,  12= Napier-2 

30GY,  13= Napier-2 40GY,  14= 

Napier-2 50GY,  15= Napier-3  

control, 16= Napier-3 20GY, 17= 

Napier-3 20GY, 18= Napier-3 

30GY,19= Napier-3 30GY, 20= 

Napier-3 40GY,  21= Napier-3 

50GY, 22= Napier-4 control, 23= 

Napier-4 20Gym ,  24= Napier-4 

20GY,  25= Napier-4 30GY,  26= 

Napier-4 30GY,  27= Napier-4 

40GY,  28= Napier-4 50GY,  29= 

Rokona – control, 30= Rokona - 

20 Gy, 31= Rokona - 20 Gy, 32= 

Rokona - 30 Gy, 33= Rokona - 30 

Gy, 34= Rokona - 40 Gy,  35= 

Rokona - 50 Gy,  36= Pakchong – 

control,  37= Pakchong - 20Gy,  

38= Pakchong - 20Gy,  39= 

Pakchong - 30Gy,  40-Pakchong - 

30Gy , 41-Pakchong - 40Gy,  42-

Pakchong - 50Gy , 43-Markiron – 

control ,  44= Markiron - 20Gy,   

45= Markiron - 20Gy ,  46= 

Markiron - 30Gy,  47= Markiron 

- 40Gy,  48= Markiron - 50Gy 

Gen*= Genotype used in this 

Study. 
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The UPGMA dendogram showed that Napier-2 40Gy, Napier-3 control, Napier-3 

20Gy, Pakchong– control, Rokona - 40Gy, Rokona - 50Gy, Napier-2 30Gy, Napier-2 

50Gy, Pakchong - 20Gy, Pakchong - 20Gy clustered together and they were grouped 

in same cluster (cluster 1). Napier-2 20Gy, Napier-2 20Gy, Napier -2 30Gy, Napier -

1 30Gy, Napier-2 control, Napier-1 control, Napier-1 20Gy, Napier-1 20Gy, Napier-1 

30Gy, Napier-1 40Gy, Napier-1 50Gy were grouped into same cluster (cluster-2).   

Markiron- 20Gy, Markiron - 40Gy were clustered in cluster-3. Markiron– control, 

Napier-3 30Gy, Markiron- 30Gy, Markiron- 50Gy were clustered in cluster-4. Other 

21 mutants formed another cluster named cluster 5. Similarly, Negawo et al. (2018) 

experiments showed that the hierarchical cluster analysis assembled the collections 

into 4 main clusters with further sub clusters. It was observed in both studies that 

genetically related genotypes were grouped into same cluster due to their similarity in 

genetic information and lower genetic distance. Higher genetic distance and lower 

genetic similarity were remained between one cluster to another.  

CONCLUSION 

Radiation has been used successfully to bring genetic variability in different crop 

species and it is considered as a useful tool for improvement of different crop plants. 

Mutation breeding is now widely used for inducing genetic changes and creation of 

new genetic resources, particularly in crops that are not easily amenable to 

improvement through conventional technique. Survival rate and fresh weight is an 

important parameter in the productivity of forage crops. Survival rate and the fresh 

weight of the Napier fodder genotypes were affected by the doses of irradiation. 

According to the dendogram and genetic distance it could be concluded that the 

higher genetic distance indicated the lower genetic identity. On the contrary, the 

lower genetic distance indicated the high value of genetic identity. The 

polymorphism was detected among the genotypes can be used in breeding program to 

maximize the use of genetic resources as well as to develop Napier mutants. The 

mutant pairs which showed genetic distance can be used in further breeding program. 
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ABSTRACT 

People living in the char land area are considered the most 
disadvantaged group of people in Bangladesh. Considering the situation, 
a study was conducted to evaluate the feasibility of increasing income of 
char dwellers by following profitable cropping pattern. The treatments 
were CP1 (Farmers’ practice cropping pattern): Grass pea (BARI Khesari-
1)-Jute (var. JRO 524)-T. Aman (var. Swarna) and CP2 (Altered cropping 
pattern): Maize (var. Hybrid 981)-Jute (var. JRO 524)-T. Aman (var. 
Binadhan-11). A randomized complete block design with six dispersed 
replications was followed in this experiment. It was observed that the 
altered cropping pattern (CP2) produced higher rice equivalent yield (avg. 
25.47 t ha

-1
), production efficiency (78.61 kgha

-1 
day

-1
) and gross margin 

US$ 3056.58 ha
-1 

than those of the farmer’s practice cropping pattern (CP1) 
rice equivalent yield (12.97 t ha

-1
), production efficiency (40.40 kgha

-1 
day

-

1
) and gross margin (Tk. 79,950 ha

-1
). Gross margin increased by 206% 

in altered cropping pattern compared with the existing cropping pattern, 
revealing that rabi crop based cropping pattern including flood damage 
escaping rice varieties {Maize (var. Hybrid 981)-Jute (var. JRO 524)-T. 
Aman (var. Binadhan-11)} is appropriate for getting higher productivity and 
profitability by the poor char dwellers of Jamalpur district in Bangladesh.  

Keywords: Bangladesh, Char land, Cropping pattern, Flood, Income, 

Rabi, Submergence. 

INTRODUCTION 

In world, about one billion people stay hungry every day due to inadequate food 

supply and by 2050, this will increase to two billion. For this reason, in coming 
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decades, there will be a need to increase agriculture production with more than 70% 

for the developing countries of Asia and Africa (Neamatollahi et al., 2017). In 

Bangladesh due to various development activities, the agricultural land is decreasing 

at about 0.73% per annum (Hasan et al., 2013) but population is increasing at a rate 

of 1.3% per year (BBS, 2015). Though the mainland agricultural lands are 

decreasing, the char lands are increasing (Rahman, 2010). So, there is need to 

strengthened crop production measures in unfavorable eco-systems like char areas to 

feed the ever-increasing population. To produce more food, there is need to increase 

cropping intensity by growing two or more crops on the same land round the year. 

Char lands in Bangladesh are landmasses formed on and along the bank of the big 

rivers. About one million ha of char lands are in Bangladesh and the area is 

increasing in every summer due to the huge sedimentation from the Himalaya (Karim 

et al., 2014). In Bangladesh, approximately 4-5% of the population lives in the char 

area which covers almost 7200 km
2 

(Paul and Islam, 2015). The char lands are prone 

to acute erosion and flooding, and also poorly connected to the mainland. Livelihood 

conditions in the char areas are very harsh which discourage people for living. In 

most of the chars, cropping intensity and crop yield per unit area are low. Utilization 

of char land on modern ground can play an important role to reduce poverty along 

with increase income generation of the poor char dwellers and thus can contribute 

substantially to the national food security. 

Maize crop creates an opportunity to increase income of farmers by utilizing in 

poultry feed, fish feed or cattle, for chapatti. Growing season of hybrid maize in 

Bangladesh is dry winter (rabi) season. Compared with two rabi crops (Boro rice and 

wheat), maize has higher grain yield, yield stability and profitability.  It also requires 

less water for irrigation. Maize needs irrigation only around 850 l/kg grain production 

compared to 1000 l/kg wheat grain and over 3000 l/kg rice grain for Boro rice (Ali et. 

al., 2008). 

The study area Nawvanger char in Jamalpur district represented the attached chars of 

Brahmaputra River. The char dwellers are the poorest and most vulnerable people to 

flooding and riverbank erosion. Bangladesh is predominantly rice growing country 

and cropping pattern based to rice are mostly following all over the country. In 

Jamalpur, more than 50% followed cropping pattern is Rice-Fallow-Rice. In the char 

area among the surveyed farmer, the major cropping pattern was observed Jute - T. 

Aman rice (Swarna) – Grass pea whereas grass pea is produced without proper 

management practices just for grazing and yielded very low. As a result, a huge part 

remains less productive for an extensive time after the harvest of T. Aman. Again, 

local variety of Aman rice i.e., Swarna (Indian origin rice variety and locally adopted 

for more than a decade) is transplanted which sometimes damages at seedling stage 

due to flood, which results in low yield as compared to high yielding varieties. This 

cropping pattern is not profitable for the farmers of this char area. In the char areas, 

rabi season is a flood-free period, but end of kharif-I and starting of kharif-II seasons 
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fall within the flooding period. So, it is very imperative to identify a profitable and 

productive major rabi crop-based cropping pattern and Aman rice varieties having 

character of flood damage escaping submergence tolerance to improve livelihood 

through increasing profitability and productivity of crops. Keeping in view the 

aforementioned fact, the present experiment was undertaken to evaluate the 

feasibility of increasing income through increasing cropping intensity and 

productivity by growing three crops in a year in the same piece of land by 

substituting short duration submergence tolerance Aman rice variety instead of local 

Aman rice variety and high yielding profitable hybrid maize variety instead of 

growing grass pea.  

MATERIALS AND METHODS 

Cropping pattern of Grass pea (BARI Khesari-1)-Jute (var. JRO 524)-T. Aman (var. 

Swarna) was improved by inclusion of Maize (var. Hybrid 981)-Jute (var. JRO 524)-

T. Aman (var. Binadhan-11) at the FSRD site, Nawvanger char, Sadar, Jamalpur 

during the year 2018-19 and 2019-20. 

Site selection  

The experiment was conducted in farmer’s field of the char land area of Nawvanger 

char under Sadar Upazila of Jamalpur district. This area is located under Young 

Brahmaputra and Jamuna Floodplain (AEZ 8). It is located between 240°42´ and 

240°58' North latitudes and between 890°52' and 900°12' East longitudes.  

Experimental design and treatments 

The study was conducted to compare the economic value and productivity of the 

alternative cropping pattern against existing cropping pattern. The study was outlined 

with two cropping patterns viz. CP1 (Farmer’s Practice): Grass pea (BARI Khesari-

1)-Jute (var. JRO 524)-T. Aman (var. Swarna) and CP2 (Altered Cropping Pattern): 

Maize (var. Hybrid 981)-Jute (var. JRO 524)-T. Aman (var. Binadhan-11). The 

experiment was laid-out in a randomized complete block design (RCBD) with six 

dispersed replications. The unit plot size was 1 bigha (1335 m
2
) of land.  

Crop management 

Dry land and wet land preparation was done for maize crop and T. Aman, 

respectively. The plant nutrients were supplied through urea, TSP, MoP, gypsum, 

zinc sulphate and boric acid for N, P, K, S, Zn and B, respectively (Table1) (Fig 1). 

The agronomic practices and cultural operations of crop production for two cropping 

patterns are presented in the Table1.  
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Table 1. Cultivation procedure of crops in cropping pattern 

Observation Improved cropping pattern Existing cropping pattern 

Crop Jute T. Aman Maize Jute T. Aman Pulses (grass pea) 

Variety JRO 524 Binadhan-11 Hybrid 981 JRO 524 Swarna BARI Khesari-3 

Date of sowing/ 
Transplanting  

05 April 10 July/ 05 
August 

08 November 05 April 10 July/  

05 August 

 15 November 

Seed rate  

(kg ha-1) 

7.5 30 20 7.5 30 40 

Spacing 30cm x 5cm 20cm x 15cm 75cm x 25cm 30cm x 5cm 20cm x 15cm - 

Fertilizer dose 

(urea-TSP-

Mop-Gyp-Zn-B 
(kg ha-1) 

217-85-60-

94-18-0 

160-115-60-

25-4-0 

512-275-200-

222-14-6 

220-150-

115-75-7.5-
7.5 

150-100-120-

80-7.5-7.5 

50-80-30 

Date of 

harvesting  

10 July 30 October 30 March 10 July 08 November  25 March 

Field duration 

(days) 

96 86 142 96 95 130 

Turned around 

time (days) 

26 9 6 26 7 11 

 

 

Figure 1. Existing cropping pattern with improved cropping pattern 

Data collection and statistically analysis 

For data collection, randomly 5 m
2 

areas were selected in each plot at maturity and 

yield of component crops in the cropping patterns were recorded. Yield for each crop 
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was measured an area basis (t ha
-1

). Agronomic performance like rice equivalent 

yield, production efficiency and land use efficiency were calculated.  

Estimation of rice equivalent yield (REY) 

To compare and evaluate different cropping pattern, the yields of all non-rice crops 

were converted into rice equivalent. On the basis of yield and prevailed market price, 

rice equivalent yield was calculated (Ahlawat and Sharma, 1993) by following the 

below mentioned formula. 

 

REY = 

Yield of each crop (t ha
-1

) x economic value of respective crop (Tk. t
-1

) 

Price of rice grain (Tk. t
-1

) 

Estimation of land use efficiency 

Land use efficiency (LUE) was expressed in % and calculated by formula as outlined 

by Jamwal (2001),  

 

LUE = 

∑ Dc   

X 100 365 

    Where Dc = duration of crops in the sequence 

Estimation of production efficiency 

Production efficiency (PE) was calculated by using formula sated by Jamwal (2001), 

 

PE = 

REY  

∑ Dc 

Where REY =Rice equivalent yield in a sequence and  

            Dc = duration of crops in that sequence 

Marginal Benefit Cost Ratio (MBCR) analyses 

Costs were calculated considering the prevailed market price to determine the gross 

margin, total inputs (total variable cost) and outputs. The economic analysis was 

done following CIMMYT (1988). The MBCR is computed as the marginal value 

product (MVP) over the marginal value cost (MVC) where, 

 

MBCR = 

MVP (over control)  

MVC (over control) 

Statistical analysis 

All data were statistically analyzed following the F-test (Gomez and Gomez, 1984). 
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RESULTS AND DISCUSSION 

Yield of rabi season crop 

Grain yield of crop is presented in Table 2. In rabi season, grass pea was yielded very 

low (0.64 t ha
-1 

during both years 2018-19 and 2019-20) whereas hybrid maize 

produced 10.37 t ha
-1

 during the year 2018-19 and 10.96 t ha
-1

 during the year 2019-

20. Yield of maize was found statistically very high than grass pea showing thereby 

replacing grass pea with hybrid maize is a good option. Successful intensification of 

cropping systems requires selection of suitable crop varieties with high yield potential 

(Ali, 2008). Hybrid maize is a promising crop with higher grain yield, yield stability 

and profitability which can easily be grown after T. Aman harvest and requires less 

water for irrigation. 

Table 2.  Productivity of season wised component crops (rabi season) in different 

cropping patterns 

Cropping pattern 

Cropping year 2018-19 Cropping year 2019-20 

Rabi 2018-19 Rabi 2019-20 

Yield of maize/grasspea Yield of maize/grasspea 

Product (grain/seed) 

yield 

(t ha
-1

) 

Product (grain/seed) yield 

(t ha
-1

) 

CP1 (FP): Grass pea-Jute-T. Aman 0.64 0.64 

CP2 (IP): Maize-Jute-T. Aman 10.37 10.96 

Level of significance ** ** 

SE (±) 0.664 0.183 

CV (%) 14.81 7.37 

* = Significant at 5% level of probability (P<0.05); ** = Significant at 1% level of probability(P<0.01) 

NS = Not significant (P>0.05) 

Yield of kharif-I season crop 

Jute was the second crop of the cropping pattern which was grown both in the 

cropping pattern. Fibre and stick yield of kharif-I season crop is presented in Table 3. 

Significant difference among jute fiber yield between two cropping patterns was not 

found.  
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Table 3.  Productivity of season wised component crops (Kharif-I season) in 

different cropping patterns 

Cropping pattern 

Cropping year 2018-19 Cropping year 2019-20 

Kharif-I 2018-19 Kharif-I 2019-20 

Yield of Jute Yield of Jute 

Product 

(fibre) yield 

(t ha
-1

)  

By-product 

(stick) yield  

(t ha
-1

) 

Product 

(fibre) yield 

(t ha
-1

) 

By-product 

(stick) yield  

(t ha
-1

) 

CP1 (FP): Grass pea-Jute-T. 

Aman 

2.5 1.5 2.5 1.45 

CP2 (IP): Maize-Jute-T. Aman 3.0 1.8 3.08 1.19 

Level of significance NS ** * ** 

SE (±) 0.252 0.012 0.075 0.008 

CV (%) 18.25 6.64 9.83 6.9 

* = Significant at 5% level of probability (P<0.05), ** = Significant at 1% level of probability(P<0.01) 

NS = Not significant (P>0.05) 

Yield of kharif-II season crop 

Grain or straw yield of kharif-II season crop is presented in Table 4. The results 

revealed that T. Aman in the farmer’s practice pattern (CP1) was yielded low (grain 

yield 3.8 t ha
-1 

and straw yield 4.0 t ha
-1 

during the year 2018-19 and grain yield 3.9 t 

ha
-1 

and straw yield 4.6 t ha
-1 

during in the year 2019-20) and  in the altered cropping 

pattern (CP1) was yielded high (grain yield 4.8 t ha
-1

 and straw yield 5.0 t ha
-1 

in the 

year 2018-19 and grain yield 5.0 t ha
-1

 and straw yield 5.2 t ha
-1

 in the year 2019-20). 

Farmers cultivated Swarna variety T. Aman yielded low. In this area, flood is regular 

phenomena which damages rice seedling at early stage. Bangladesh falls in the region 

with heavy rainfall. About 80% of the rainfall occurs in May-September (Ahmed and 

Falk, 2008). The char-lands are affected by the massive floods repeatedly with 

concomitant riverbank erosion (Hasan et. al., 1999). To get higher yield and escaping 

flood damage, submergence tolerance short duration T. Aman rice variety Binadhan-

11 was included in the altered pattern (CP2) instead of growing local T. Aman rice 

variety. Selection of this variety has reduced the risk of damaging the rice seedling by 

flood water.  
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Table 4.  Productivity of season wised component crops (Kharif-II season) in 

different cropping patterns 

Cropping pattern 

Cropping year 2018-19 Cropping year 2019-20 

Kharif-II 2018-19 Kharif-II 2019-20 

Yield of T. Aman Yield of T. Aman 

Product 

(grain) yield 

(t ha
-1

) 

By-product 

(straw) 

yield  

(t ha
-1

) 

Product 

(grain) yield 

(t ha
-1

) 

By-product 

(straw) 

yield  

(t ha
-1

) 

CP1 (FP): Grasspea-Jute-T.Aman 3.8 4.0 3.9 4.6 

CP2 (IP): Maize-Jute-T. Aman 4.8 5.0 5.0 5.2 

Level of significance ** ** ** ** 

SE (±) 0.074 0.045 0.052 0.005 

CV (%) 5.21 4.44 5.12 2.29 

* = Significant at 5% level of probability (P<0.05); ** = Significant at 1% level of probability(P<0.01) 

NS = Not significant (P>0.05) 

In Kharif-II season, grain yield of aman rice increased by 27% due to inclusion of 

modern variety instead of local rice variety. As a result, higher rice yield was recorded 

both during both years 2018-19 and 2019-20 in altered cropping patterns over 

farmer’s practice. 

Rice equivalent yield (REY) 

Rice equivalent yield differed significantly between the cropping patterns. Data on 

total REY of component crops of two cropping patterns are presented in Table 5.  

Table 5.  Rice equivalent yield (REY) of component crops in different cropping 

patterns 

Cropping pattern System REY (t ha
-1

) 

2018-19 2019-20 

CP1 (FP): Grass pea-Jute-T. Aman 12.79 13.14 

CP2 (IP): Maize-Jute-T. Aman 25.02 25.92 

Level of significance ** ** 

SE (±) 0.009 0.219 

CV (%) 3.51 2.40 

* = Significant at 5% level of probability (P<0.05); ** = Significant at 1% level of probability(P<0.01) 

NS = Not significant (P>0.05) 
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It was observed that the altered cropping pattern (CP2) produced the higher REY 

(25.02 t ha
-1

 in the year 2018-19 and 25.92 t ha
-1

 in the year 2019-20) than that of the 

farmer’s practice cropping pattern (CP1) REY (12.79 t ha
-1

 in the year 2018-19 and 13.14 

t ha
-1

 in the year 2019-20). Rice equivalent yield was increased in the altered cropping 

pattern due to inclusion of high yielding hybrid maize variety in the rabi season and high 

yielding rice variety Binadhan-11 in the kharif-II season instead of growing grass pea in 

the rabi season and local Aman rice variety Swarna in kharif-II season. Rice equivalent 

yield was higher in the altered cropping pattern due to higher yield and superior market 

price of maize (Sarker et. al., 2020). The lower rice equivalent was also observed by 

Rahman et al. (2015) in the farmer’s pattern with three crops, local variety of crop and 

traditional management practices. 

Production efficiency (PE) 

Variation on production efficiency was also found in the cropping patterns (Table 6). 

Higher production efficiency (78.61 kgha
-1 

day
-1

) was observed in CP2 than the CP1 

(40.4 kgha
-1 

day
-1

). The result showed that the crops in the farmer’s practice pattern 

(CP1) took shorter time in the field and lower yields leading to lower production per day 

(Sarker et al., 2020). On the contrary, crops in the improved cropping pattern (CP2) 

took longer time in the field and higher yield leading to higher production efficiency 

(production per day). This is due to the production of high yielding rice varieties in 

kharif-II season and hybrid maize in the rabi season. 

Table 6. Field crop duration, production efficiency and land use efficiency as 

influenced by cropping patterns 

Cropping pattern Mean 

REY  

(t ha-1) 

Field duration of 

crop sequence 

(day) 

Production 

efficiency  

(kgha-1day-1) 

Land use 

efficiency 

(%) 

CP1 (FP): Grasspea-Jute-T.Aman 12.97  321 40.40 87.95 

CP2 (IP): Maize-Jute-T. Aman 25.47 324 78.61 88.77 

Land use efficiency (LUE)  

Land use efficiency depends on crop duration. The land use efficiency was observed 

87.95 in CP1 and 88.77 in CP2 (Table 6). The crop duration difference among two 

cropping pattern was observed less due to 3 crops in both cropping patterns. After that, 

land use efficiency as well as crop duration was observed higher in CP2 than CP1 due to 

cultivation of maize.  

Economic performance 

Economic performance of the pattern is presented in Table 7. Submergence tolerance 

high yielding short duration rice variety Binadhan-11 and maize hybrid variety 

tremendously increased the system productivity and economic return of the pattern. 
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Average gross margin US$ 3056.58 ha
-1 

was observed in altered cropping pattern 

which was higher than existing cropping pattern (Tk. 79,950 ha
-1

). Gross margin 

increased by 206% in altered cropping pattern compared to existing cropping pattern. 

Altered cropping pattern CP2 showed a maximum gross return (Tk. 471427 ha
-1

) along 

with higher cultivation cost (Tk. 226901ha
-1

) and contributed to higher marginal 

return (Tk. 231977ha
-1

) and MBCR (3.37) than the farmer’s practice CP1. In the char 

area, rabi season is very important for getting higher yield as well as higher income. 

Inclusion of maize in the rabi season enhanced both the cultivation cost and the return. 

Maize tremendously increased the system productivity and economic return of the three 

crop-based cropping patterns. Maize gives higher profit and provides an opportunity to 

the char land farmers to come out of poverty. 

Table 7. Profitability of the improved cropping pattern over the existing cropping 

pattern 

Cropping pattern Gross 

return 

(Tk. ha-1) 

Cultivation 

cost (TVC) 

(Tk. ha-1) 

Marginal 

value (MVP 

(Tk. ha-1)) 

Marginal cost 

(MVC) 

(Tk. ha-1) 

MBCR* 

CP2 (IP): Maize-Jute-T. Aman  471427             226901 233477 68901 3.37 

CP1 (FP):Grass pea-Jute-T.Aman 237950 158000 - - - 

*Marginal benefit cost ratio, Price (Tk. kg-1): Jute-47.5, Jute stick-5, T.Aman rice- 18.5, Straw-2,  

Maize-20.5, khesari-50 

Rice equivalent yield of the improved cropping pattern was found 25.47 t ha
-1

. The 

gross margin was found 206% higher than the existing cropping pattern. The marginal 

benefit cost ratio of the altered cropping pattern is 3.4. Considering systems REY, 

LUE, PE and economic performances of the two year crop cycle, it is revealed that the 

altered cropping pattern is the better option for greater productivity and profitability 

over farmer’s practice cropping pattern Grass pea-Jute-T. Aman and could be 

suggested for the char area. Submergence tolerant short duration T. Aman rice variety 

will reduce the risk of damaging transplanted Aman rice during flood. Again, this short 

duration variety also ensures sowing of maize in time. As flood comes in the area 

within July to August, farmers can utilize water entered in the canal during flood for 

retting jute. Farmers can also get higher yield by growing maize in soil enriched with 

silt carried by flood water. The technology is suitable for char land area.  
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ABSTRACT 

Sugarcane is one of the most important cash crops in India. India being a 
major consumer of sugar occupies the second place in sugarcane 
production, next to Brazil. In recent times, sugarcane has become a 
preferred crop for renewable and eco-friendly energy production. 
Excepted rise in demand for energy has improved the scope of 
sugarcane production. In this backdrop, the study focuses on the trend 
and growth of production area, production and productivity of sugarcane 
crop in India for the period 2001-02 to 2017-18. The relationship between 
harvested area and production is tested with the help of a regression 
model. Apart from that, the study analyzes the state wise growth rate of 
sugarcane sector. The study is based on secondary data collected from 
various government reports and publications. The result highlights that 
all the three variables under consideration witness positive growth rate. 
About 65% of the production comes from two states, Uttar Pradesh and 
Maharashtra. Comparatively states falling under tropical region have 
higher yield per hectare than states of sub-tropical region. Finally, to an 
extent, this paper suggests ways to improve sugarcane productivity. 

Keywords: Growth, Production, Region, Sugarcane, Yield. 

INTRODUCTION 

Sugarcane (Saccharum officinarum) belongs to the genus Saccharum, and family 

Poaceae. It is believed to have originated in New Guinea and then cultivated 

throughout the tropical and subtropical regions of the world (Daniels and Roach, 

1987). Sugarcane cultivated in India belongs to two main groups: (a) S. barberi and 

S. Sinense and (b) S. officinarum. Sugarcane typically contains 63-73% water, 11-

16% fiber, 12-16% soluble sugars, and 2-3% non-sugar carbohydrates. Temperature 
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ranging from 19-21
0
C to 27-38

0
C is best suited for sugarcane cultivation. Its 

byproduct includes ethanol, bagasse, molasses, crude wax etc. Being a water-

intensive crop, sugarcane accounts for about 86% of the sugar crops and it is mostly 

cultivated for its sucrose content. Of late, sugarcane has been recognized as an 

important energy source in terms of bio-ethanol production (IISR, 2015). Brazil alone 

accounts for 37% of the world's total sugar cane cropped area (26 million hectares) 

and other top 5 countries are India, Thailand, China, and Pakistan (FAO, 2018). India 

accounts for about 25% of the global sugar production and around 7.5% of India’s 

rural population has engaged in sugarcane farming (Solomon, 2016). About 51% of 

the India’s sugarcane production is produced from the tropical regions (Maharashtra, 

Karnataka, Tamil Nadu and Andhra Pradesh) and the remaining i.e., 49% is from the 

sub-tropical regions (Uttar Pradesh, Bihar, Uttarakhand, Punjab and Haryana), 

despite the latter having 55% of the total area under sugarcane (GOI, 2016).  

Sugarcane crop and its products contribute about 1.1% to India’s GDP. The 

contribution of sugarcane to the agricultural GDP has increased steadily in the last 

two decades. Also, Sugarcane and sugar industries act as a major source of 

employment and livelihood in India. More than 50 million farmers are engaged in 

sugarcane cultivation and processing industries. Obtaining a maximum yield from the 

sugarcane crops improves those farmers economic condition (Powar et al., 2020). 

Sugarcane production in India has increased significantly over the time and its 

average annual production is 355 million tons. But the major impediment is its 

productivity which has remained stagnant. It is known that productivity is governed 

by the combination of climate, technology, genetic resources, farm management 

practices, states pricing policies and decisions. However, Indian farmers have been 

largely using traditional methods which mainly results in low productivity. Under 

such contradictory situation, state intervention is inevitable. There is no doubt that, 

the government has intervened in number of forms such as Essential Commodity Act 

(1955), Sugar Control Order (1966), Sugarcane Development Fund (1982), 

Delicensing Sugar Sector (1998), Fair and Remunerative Price (2009-10), Ethanol 

Blending Programme (2012), Scheme for Extending Financial Assistance to Sugar 

Undertaking (2014) etc. Despite many efforts by both the Central and State 

Governments, India’s sugarcane sector is grappled with lot of issues by varying 

degree and nature. Moreover, state-wise variations exist in production area, 

production, and yield of sugarcane. Therefore, considering the importance and need, 

the present study has been undertaken to analyze the trends and growth performance 

of sugarcane crops in major sugar producing states and India as a whole. 

MATERIALS AND METHODS 

The secondary data for the period 2000-01 to 2017-18 have been collected and 

analyzed to draw meaningful interpretations and to assess the situation of sugarcane 

cultivation in India. In order to analyze the growth rate, the time-series data of the 

area, production, and yield of sugarcane were collected from various publications, 
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and official records such as Ministry of Agriculture and Farmers Welfare, Ministry of 

Commerce and Industry and Agricultural Statistics at a glance. For data analysis, 

STATA software was used. Compound Growth rate method has been used to 

calculate the growth rate whereas Double log Linear Analysis method is employed to 

study the non-linear relationship between area and production (Pramod et al., 2022; 

Shukla et al., 2022).   

Compound Growth Rate Analysis  

In this study, an exponential function was used to estimate the compound growth rate 

by marking time as the independent variable and production area, production, and 

yield as dependent variables. This exponential trend equation gives a constant rate of 

increase or decrease per unit of time and they are termed as Compound Growth Rate. 

Compound growth rate was estimated by fitting the exponential trend of the 

following type;  

Y = ab
t
 …………………… (1) 

Where,  

  Y = the area/production/yield  

   t = time variable in years  

   a = constant  

         b = (1 + r)  

     and   r = Compound Growth Rate  

The equation (1) takes the linear form by taking logarithms of both sides of the 

equation,  

   Log y = log a + log b  

Compound Growth Rate (CGR) = Antilog (log b-1) * 100  

Double log Linear Analysis 

Log-linear analysis is a widely used method for the analysis of multivariate data. 

Logarithmically transforming variables makes the relationship non-linear, while still 

preserving the linear model. With the help of regression model, relationship between 

production and area under sugarcane has been studied. Also, Durbin Watson Test is 

conducted to measure the autocorrelation. The following functional form of Double-

log has been employed; 

 n  i            n  i      

If X (area) increases by 1%, Y (production) will change by β1%. In that case, β1 is the 

elasticity of production with respect to area under sugarcane.  
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RESULTS AND DISCUSSION 

The results of growth estimation of total area, production and yield of sugarcane crop 

in India during 2000-01 to 2017-18 and state wise growth rate for those three 

variables for the period 2007-08 to 2017-18 is discussed here. In addition, export and 

import growth rate of sugar has been analyzed. Outcome of Double log Linear 

Analysis between production and area under sugarcane has been deliberated at the 

end. 

India ranks second after Brazil in terms of area and production of sugarcane among 

world nations. However, in terms of productivity, India ranks way below at tenth 

place (Mall et al., 2016) and the probable reason for the low yields could be 

exhaustion of soils. The area, production, and productivity of sugarcane in India 

(during 2000-01 to 2017-18) are presented in Table 1. The area under sugarcane in 

India had increased from 4315.5 thousand hectares in 2000-01 to 4737 thousand 

hectares in 2017-18. Assured demand by the government for sugarcane products 

relative to other crops encourage farmers to go for sugarcane area expansion. 

However, sugar cane should be encouraged in areas which have ample water supplies 

for sustainable development (GOI, 2013). There were ups and downs in area under 

sugarcane in the reference period. These fluctuations were mainly due to drought and 

fluctuating sugarcane prices (Sundara, 2011).  At the same time, sugarcane 

production had increased from 295955.3 thousand tons in 2000-01 to 379905 

thousand tons in 2017-18. It may be noted that there were about 28% increase in 

production during the period of study. The increased production has to be achieved 

from the existing sugarcane area through improved productivity but it was not as 

desired. The productivity was maximum (80198 kg ha
-1

) in the year 2017-18 and it 

was minimum in the year 2008-09 with 64553 kg ha
-1

. The estimated Compound 

Growth Rate for the reference period was 0.52, 1.40 and 0.87% per annum for the 

area, production and productivity respectively.  

Sugarcane and sugar beets are the two main plant sources from which sugar is 

produced. Nearly 80% of global sugar production is derived from sugarcane and the 

remainder comes from sugar beets. In India, sugar is processed mostly from 

sugarcane and sugar beets have not made major inroads in sugar production. Next to 

cotton, sugar is the second largest agro-based industry in the country. Between 2000-

01 and 2017-18, Brazil is the largest producer of sugar followed by India (3 crore 

tons) however India is the largest consumer of sugar in the world (2.6 crore tons). A 

rising trend in individual household consumption of sugar could be attributed to rapid 

urbanization and subsequent change in their food habit. Brazil, as the largest 

exporting country in the world accounts for about 45% of global exports. India is one 

of the top five exporters in the world dominating world sugar trade but its export 

share was margina  due to  arger domestic demands. India’s export as we   as import 

of sugar has increased significantly during the years 2000-01 to 2016-17 (Table 2). 

The exports have increased from Rs. 430.98 Crores in 2000-01 to Rs. 8639.83 in 
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2016-17. The imports also revealed the similar trend which is largely due to 

government policies like zero import duty, 2009. As far as sugar is concerned, India 

is a net exporting country with exports more than the imports resulting in positive 

Balance of Trade. But the gap has narrowed down in 2016-17 when compared with 

the previous year due to inconsistent export subsidies (WTO, 2021). Further, the 

estimated compound growth rate of imports (37.34%) during the reference period is 

higher than the exports (19.29%) which warrant incentives for export promotion.    

Table 1. Area, production and productivity of sugarcane in India 

S. No Year 
Area 

(in ‘000 Hectare) 

Production 

(in ‘000 tons) 

Yield 

(kg/Hectare) 

1 2000-01 4315.5 295955.3 68580 

2 2001-02 4411.5 297205.4 67371 

3 2002-03 4519.8 287369.4 63580 

4 2003-04 3938.1 233858.9 59384 

5 2004-05 3661.3 237082.7 64754 

6 2005-06 4201.4 281165.9 66922 

7 2006-07 5151 355520 69022 

8 2007-08 5055 348188 68879 

9 2008-09 4415 285029 64553 

10 2009-10 4175 292302 70020 

11 2010-11 4884.8 342381.6 70091 

12 2011-12 5037.7 361036.5 71668 

13 2012-13 4999 341200 68254 

14 2013-14 4993 352142 70522 

15 2014-15 5067 362333 71511 

16 2015-16 4927 348448 70720 

17 2016-17 4436 306069 69001 

18 2017-18 4737 379905 80198 

           CGR 0.52 1.40 0.87 

Source: Ministry of Agriculture and Farmers Welfare, Govt of India 
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Table 2. Export and import of sugar in India 

                                                                              (Values in Rs. Crores) 

S. No Year Export Import 

1 2000-01 430.98 31.11 

2 2001-02 1728.29 32.60 

3 2002-03 1769.49 32.83 

4 2003-04 1216.59 62.70 

5 2004-05 149.52 976.17 

6 2005-06 557.09 651.80 

7 2006-07 3127.47 3.49 

8 2007-08 5412.16 2.24 

9 2008-09 4448.74 583.11 

10 2009-10 110.23 5961.24 

11 2010-11 10352.27 2723.21 

12 2011-12 12973.73 374.67 

13 2012-13 8576.83 3094.38 

14 2013-14 7152.17 2279.21 

15 2014-15 5296.53 3645.15 

16 2015-16 9787.95 4011.03 

17 2016-17 8639.83 6849.63 

           CGR 19.29 37.34 

Source: Ministry of Commerce and Industry, Govt of India 

In India, sugarcane faces tough competition for land from a number of other cash 

crops such as cotton, tobacco, groundnut etc. Sugarcane occupies only 3% of India’s 

gross cropped area but accounted for about 6% of the total value of agricultural 

output (Price policy for Sugarcane, 2013). Selected state wise area under sugarcane 

during the period between 2007-08 and 2017-18 is presented in Fig. 1. Uttar Pradesh 

alone accounts for 47% of total sugarcane area in India and the largest concentration 

is in the upper Ganga-Yamuna Doab, Rohilkhand and trans-Saryu areas of the state. 

The data shows that area under sugarcane is highest at about 2179 thousand hectares 

in Uttar Pradesh during 2007-08. In 2012-13, there was increase in cultivation area 

(2212 thousand hectares), then slowly to 2228 thousand hectares in 2013-14 and 

2234 thousand hectares in 2017-18. Sugarcane area expansion was aided by 

institutional factors including State’s support prices and subsidies on fertilizers 
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(Vikas and Babu, 2017).  However, the estimated compound growth rate is only 

about 0.23% per annum for the state. High sugarcane arrears in Uttar Pradesh have 

potentially hampered the cane growth rate of the state. Maharashtra stands second 

position in cultivation area under sugarcane, which shows the highest at 1093 

thousand hectares in 2007-08 and its trend has declined to 902 thousand hectares in 

2017-18; moreover, the growth rate of Maharashtra is negative 1.73% in the 

reference period. In all possibility, lopsided pricing policy of sugarcane in 

Maharashtra affected the cane growth pattern. Karnataka occupies the third place in 

area under sugarcane crop with over 7% of the total area, it shows that the area under 

cultivation has increased from 306 thousand hectares in 2007-08 to 370.3 thousand 

hectares in 2017-18, thus its growth rate is about 1.75% per annum. Revenue sharing 

formula of the state government has led to the expansion of sugarcane in Karnataka 

despite being a water stressed region. Bihar followed by Tamil Nadu has a 

predominant position in the area under sugarcane crop. Chhattisgarh shows the 

highest growth rate in the area under sugarcane cultivation during the reference 

period, with the compound growth rate of 7.30%. This is mainly due to the state 

governments’ obligation to distribute sugar to the needy through public distribution 

system. Followed by Bihar, Jharkhand, Madhya Pradesh, Karnataka and West Bengal 

has a positive growth rate in the reference period. Overall, the sugarcane cultivation 

area in India is showing a declining trend during the reference period.    

India accounts to about 18% of the wor d’s sugarcane production. India’s average 

annual production of sugarcane is 35.5 crore tons and it is produced in tropical and 

sub-tropical regions. The production of the sugarcane crop is sensitive to fluctuations 

in climatic conditions. Sugarcane production is a major source of employment and 

plays a vital role in the economy of the state. In India, about 5 lakh skilled and 

unskilled workers are engaged in cultivation of sugarcane and its allied industries 

(Krishnakant et al., 2015). Fig. 1 shows selected state wise trend and growth of 

sugarcane production. About 47% of the production comes from Uttar Pradesh which 

is located in the sub-tropical region. Socio-economic condition of the farmers in 

western Uttar Pradesh is largely depending upon sugarcane production. Production 

trend of Uttar Pradesh increased from 124665.3 thousand tons in 2007-08 to 

177033.33 thousand tons in 2017-18.  
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Figure 1. Selected State Wise Sugarcane Production in India (2007-08 to 2017-18) 

The compound growth rate (CGR) of Uttar Pradesh is 3.24% which is higher than the 

national average (0.80%) in the reference period. It may be attributed to state 

advisory price (SAP) launched by the state government, which boosted the sugarcane 

cultivation. From the study it is found that there are fluctuations in the production of 

sugarcane in Maharashtra, and no uniform pattern of growth was observed. This 

uneven trend is associated with the uncertain monsoon and instability in the area 

under production of cane in the state. Even though, Maharashtra is the second 

(21.8%) top producer in India, its growth rate during the study period was negative 

0.58%. Karnataka stands third in sugarcane production during 2007-08 to 2017-18, 

and it accounts to the growth of 1.57% per annum. Trends of production has 

increased from 26240 thousand tons in 2007-08 to 31135.19 thousand tons in 2017-

18 and the reason behind it is better technical efficiency of sugarcane farmers of the 

state (Ahmad and Abdulla, 2016). Tamil Nadu occupied the fourth position in 

production of sugarcane against fifth position in area under sugarcane during the 

reference period. Bihar and Gujarat are the other major sugarcane producers in India. 
Overall growth of sugarcane production is accounted highest for Chhattisgarh 

(40.50%), followed by Jharkhand (12.99%), Bihar (12.31%) and Madhya Pradesh 

(4.98%) in the reference period. The result shows, twelve states accounted for 

negative growth with decreased output over the time.   

The productivity of land depends on the optimum allocation of resources, which 

would have an impact on the cost and revenue composition of the produce. India has 

the second largest area under sugarcane cultivation but the yield per hectare is 

extremely low when compared with other major sugarcane producing nations. In fact, 

over the years productivity has remained stagnant (Uperti and Singh, 2017).  In 2017-

18, India’s average yield of sugarcane was 47.74 t ha
-1

 which is much lesser than the 

market leader, Brazil (72.62 t ha
-1

). It offered incentives for the production of ethanol 
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from sugarcane, which helped Brazil to consolidate its position in the world market 

(Matos et al. 2020) Fig. 2 demonstrates the state wise trend of sugarcane yield for the 

period 2007-08 to 2017-18.  

 
Figure 2. Selected State Wise Yield of Sugarcane Crop in India (2007-08 to 2017-18) 

The CGR of sugarcane yield for national level is just 1.39% and the data also reveals 

unstable productivity for the country as whole. Kerala is the leading state, with 

109840 kg ha
-1

, as far as average yield of sugarcane is concerned which is followed 

by Tamil Nadu and Maharashtra with 99814 and 92000 kg ha
-1

 respectively. Among 

the UTs, Puducherry has the highest yield i.e., 125000 kg ha
-1

 in 2017-18 which is 

higher than all other states of India. The highest yield of the crop was recorded in 

2014-15 i.e., 165089 kg ha
-1

, contrary to it; the lowest (85421 kg ha
-1

) was registered 

in 2008-09. Uttar Pradesh was observed with 3.01% of growth rate in the reference 

period. There is no doubt that the average yield of the state has gone up from 57212 

kg ha
-1

 (2007-08) to 79245 kg ha
-1

 (2017-18), however it is lower than the all-India 

average (80198 kg ha
-1

). Adoption of improved sugarcane varieties might increase the 

states productivity both in terms of yield as well as sugar contents. The estimated 

result indicates the productivity growth rate is highest for Chhattisgarh at 30.94%. Its 

productivity trend shows that it has increased from 2477 kg ha
-1

 in 2007-08 to 48070 

kg ha
-1

 in 2017-18. Followed by Jharkhand, Bihar, Uttar Pradesh, and Punjab have 

registered highest positive growth rates in the reference period. From the study it is 

found that the sugarcane yield in Nagaland is very low (43510 kg ha
-1

) as compared 

to other states, with compound growth rate of negative 1.16% per annum. It is 
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evident that there is an urgent need to improve productivity since it is a prerequisite 

for the holistic development of a region (Yasmeen et al., 2018). 

Regression analysis is used to analyze the relationship between variables area under 

cultivation and sugarcane production are presented in Table 3. The usage of 

logarithmic values favours in reduction of size of the larger values. Hence, log has 

been used in both sides of the model. Production mainly depends on the level of area 

devoted for the production purpose over a period. Thus, production is kept as the 

response variable and area in hectares as the outcome variable. 

Table 3. Double log-linear regression function 

     
     Variable Coefficient Std. Error t-Statistic Prob. 

     
     C 2.611701 1.088492 2.399376 0.0299 

LNA 1.184626 0.130493 9.078109 0.0000 

T 0.006148 0.002408 2.553369 0.0221 

     
     R-squared 0.911752     Mean dependent var 12.65750 

Adjusted R-squared 0.899986     S.D. dependent var  0.143131 

S.E. of regression 0.045265     Akaike info criterion -3.201549 

Sum squared resid 0.030734     Schwarz criterion -3.053154 

Log likelihood 31.81394     Hannan-Quinn criter. -3.181087 

F-statistic 77.48789     Durbin-Watson stat  1.590739 

Prob(F-statistic) 0.000000    

Dependent Variable: LNP     

Method: Least Square     

Sample: 2001-2018     

Obserations: 18     

     
     

Source: Computed Data 

Model: (log Production)   Yt 
^

 =  β0
^

 + β1
^

 Xt (log Area) 

The AIC and SIC criterion is used to identify the best fit and simplicity of the model 

and results in a best fit (AIC = -3.20 and SIC = -3.05). The overall specification of 

the model is statistically significant at one percent level (F(18,1) = 77.5). 89% of 

variation in the model has been explained (Adj. R = 0.89). The model elucidates that, 

if there is 1% increase in the cultivation area then there will be an increase of 1.18 

level of production in the study region. The cane productivity in the country demands 
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improvement, which is much below than the major sugar-producing countries. 

Climatological factors like maximum and minimum temperature, rainfall and 

precipitation on sugarcane yield was varied across the states of India. Therefore, it 

can be considered to have a state specific climate policy to mitigate the negative 

implication of climate change in cane farming (Jyoti and Singh, 2020).      

CONCLUSION 

This study has measured the growth rate and changes in time trends of harvested area, 

production, and yield of sugarcane crop in India. Sugarcane growth in production, area 

under cultivation and yield has been positive with about 1.40%, 0.52% and 0.87% 

respectively. However, the growth rate is least for cropping area under sugarcane which 

does not augurs well for the sector. Most of the selected states have nominally increased 

their yield rate but again India’s productivity level is comparatively lesser than world 

nations which ought to be improved upon. Besides, India has to chalk out long term 

strategy to increase their productivity to meet the expected increase in global demand. 

For improved cane productivity, sustainable agro-techniques, climate resilient varieties, 

bio-intensive module and need based machinery and equipment has to be developed. 

Reducing the cost of production, improving sugar content in cane, ensuring better prices 

for the produce and close coordination of sugar mills with farmers will also ensure 

desired growth in productivity. 
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ABSTRACT 

The metabolite profiling of white foamy substance local white cultivar of 
Cucumber (Cucumis sativus L.) was performed using HR-LCMS. 
Prominent compounds with MS spectra, peak list, and compound 
structure were studied. Which pertains to Cucurbitaceae. The cytotoxic 
activity was studied on onion root tip squash and microscopic evaluation 
was done. The principal component analysis (PCA) of the analytical data 
showed the presence of Triterpenes: Cucurbitacin-C (0.8ppm), 
Cucurbitacin-E (5.53ppm) and Cardiac glycosides: Gitoxigenin 
(7.76ppm), Strophanthidin (13.79ppm), and Digitoxigenin (2.13ppm) in 
10µl of the loaded sample.100 other compounds were identified by 
accurate mass of Q-TOF/MS and verified by database compounds (IRM 
calibration). Strophanthidin in the highest concentration in the foamy 
extract is a significant finding. This study reports the traditional 
significance of removing white foamy substances for bitterness in 
cucumber before slicing. The cytotoxic study on onion root tips by 
photomicrograph study indicates reduction in root growth and 
chromosomal aberrations, disturbed telophase, anaphase, abnormal cell 
shape, dissolved chromosomes, membrane damage and nuclear 
lesions. 

Keywords: Cucumber, Cucurbitacin, Cardiac glycosides, Gitoxigenin, 
Strophanthidin, High-resolution liquid chromatography, mass 
spectrometry. 

INTRODUCTION 

Cucumis sativus L. is a member of the Cucurbitaceae family. It is consumed as 

healthy food. It is a rich source of prophylactic and therapeutic ingredients of day-to-

day life as reported by Suma et al. (2019). It is studied that since ancient times C. 

sativus is eaten as traditional food and used to treat constipation (Pan et al., 2022), 

headaches for soothing effects and for reducing swelling in skin (Nwosisi et al., 
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2022). Cucumbers are available in different sizes and shapes in various parts of the 

world. It has also refreshed effects (Kumari et al., 2018). These properties were well 

documented in Indian Ayurveda (Olaniyan et al., 2019; Ebana et al., 2019). It is 

reported that it contains phytochemicals such as saponins, tannins, flavonoids, 

reducing compounds, alkaloids, glycosides polyphenols, high concentration of 

vitamin C and vitamin A. C. sativus is a globally cultivated beneficial plant seed 

studied for antioxidant, antimicrobial activity by Huang et al. (2019). It is consumed 

as active nutritional ingredients to prevent microbial infections and to increase the 

immune system of living organisms (Krishna et al., 2019). Mass-spectroscopy is the 

holistic approach to study metabolite profiling of natural product research. The 

present analysis was done to identify the bioactive compounds present in the white 

foamy substance of Cucumis sativus, White local cultivar grown in Hassan district 

Karnataka; the substance was removed for bitterness before eating. The acetone 

extract of white foamy substance was analyzed by an analytical approach. HR-LCMS 

QTOF-MS. (High-Resolution Liquid Chromatography Quadrupole Time of Flight 

Mass spectrometry). 

MATERIALS AND METHODS 

Chemicals 

Chemicals required were purchased from Himedia and Sigma Aldrich. The HR-

LCMS of the sample was carried out in SAIF, IIT Bombay. Pawai, Mumbai. 

Plant Collection  

The local cultivar of C. sativus white (local bili nati southe) was collected from the 

farm in the village called Kattebelaguli near Holenarasipura taluk, Hassan district, 

Karnataka, India. Fresh fruits were used for the extraction of white foamy substances. 

Phytochemical Analysis 

Preliminary Phytochemical screening was done according to Begum et al. (2019). 

Preparation of plant extract 

In the present investigation the aqueous extract of white foamy extract was studied. 

The white foamy substance was obtained by cutting thin slices and placing it back 

rubbing on the flat surface on both blossom and stem ends, against cucumber in 

circular motion. 200g of fresh foamy substance collected shade dried made into 

powder. Soxhlet extraction was done in 50% acetone. residue dissolved in 10ml of 

acetone was stored in a tight container and used for HR LCMS mass spectrometry 

analysis. 

Study of Cytotoxic activity 

The residue of foamy substances was dissolved in 100ml of distilled water. The 

different stock solutions were prepared (1mg/ml. 2mg/ml and 3mg/ml). The aqueous 

white foamy extract was evaluated by exposing onion bulbs to concentrations of 1 to 
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5mg the extract for 48-96h. The macroscopic and microscopic analysis of onion root 

tips was done after 48-96h.  

Allium Cepa test: The medium sized onion bulbs were purchased from local market 

near to Government Science College, Hassan. Outer dry scales dry bottom plates 

were removed, they were stored in dry and well aerated condition before use to 

encourage bulb viability, moldy and sported bulbs were discarded. Exposure of onion 

bulbs to 1 to 5mg/ml concentrations of the extract for 48-96h. 

Macroscopic evaluation  

The onions were exposed to 48h to test samples of concentration of 1mg/ml. 2mg/ml 

and 3mg/ml). Onion Bulbs were first kept in tap water in dark for 48h then bulbs are 

shifted test tube containing different concentration of sample. The test samples were 

changed every 24h with fresh test samples. The growth inhibition was observed, each 

sample was kept in 5 replicates. The best growth bulbs of root length (2.5-3cm) were 

selected for study from each concentration. Twenty best root lengths were measured 

as metric rule and used us index of general toxicity. Visible morphological changes 

such as change in color, hooks, and twists in roots were observed. 

Preparation of onion root tip squash for microscopic evaluation  

About 2-3cm the onion roots tips were fixed in Conroy’s fluid (3ml alcohol and 1ml 

acetic acid) for 15 minutes. Transferred into 70% alcohol for storage. The squash was 

prepared after washing the root tips in water for 2 minutes. Tips were hydrolyzed in 

1N HCl (2-3 drops) for 2min on watch glass and 9 drops of acetoorcein stain was 

added, warmed gently for 5 minutes and allowed it to cool for 10-15 minutes. The 

root tips were kept on slide, 45% acetic acid was added, covered with cover slip and 

finally squash was done gently by keeping the slide in between the blotting paper to 

spread the cells uniformly with help of thumb. Excess stain was removed by blotting 

paper and observed under the microscope. 

A total of about 1500 dividing cells from five scorable slides per sample i.e., 100 

dividing cell per slide made from onion root tips excised from each concentration of 

extract in which they are placed. (1mg/ml. 2mg/ml and 3mg/ml). Onion bulbs kept in 

tap water pH 7.3 was used as positive control and Ethyl Methane Sulfonate EMS 

(2.10
-2

M) as negative control. The root tips were cut from each bulb examined for 

detectable morphological abnormalities. The bulb of satisfactory root length (2.5-

3cm) was used in the study. The cells were observed at 100x magnification for 

different mitotic stages and chromosomal aberrations. Photomicrographs were taken 

using 100x light microscope with Nikon photographic camera. The mitotic index and 

frequency of chromosomal aberrant cells per total cells each sample at each 

concentration of was calculated by using the formula. 
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HRLCMS Analysis 

 High-resolution liquid chromatography and mass spectrometry (HR-LCMS) analysis 

of the extract prepared in acetone and then subjected to HR-LCMS analysis. The HR-

LCMS of the sample was carried out in Sophisticated Analytical Instrument Facility 

(SAIF), IIT Bombay, Powai, Mumbai. Metabolite fingerprint of the foamy substance 

of C sativus obtained by Agilent Technologies, USA Mode Hypersil gold 3micron 

100 x 2.1mm column. High-resolution liquid chromatography and mass spectrometry 

model- G6550A with 0.01% mass resolution was used. The acquisition method was 

set to be MS- minimum range 60 (m/z) and maximum 1000Dalton (m/z) with 

scanning rate each spectrum per second. Gas chromatography has maintained at 

250
0
C with a gas flow of 13psi/minute. Hip sampler with model- G4226A was used 

with auxiliary speed 100µl/minute, ejection speed 100µl/minute, flush out factor 5µl 

and 8µl injection volume used for HR-LCMS. Within 30 minutes Acquisition time, 

initial 2 minutes the flow of solvent composition A: B was 95:5. The solvent used for 

HR-LCMS. A. 100% Water B. 100% Acetonitrile. Metabolites were identified by 

matching retention time as well as mass spectra with those of the corresponding 

reference standards, and by comparison with an in-house mass spectral library (IRM 

calibration). A chromatogram was obtained with a complex pattern of major and 

minor peaks. Bioactive compounds were identified with TOF/Q-TOF mass 

spectrometer of Dual AJS ESI ion source (Dual Agilent Jet Stream Electrospray 

Ionization). 

RESULTS AND DISCUSSION 

Phytochemical analysis 

The preliminary phytochemical analysis indicated the presence of alkaloids, reducing 

sugar, steroids, terpenoids, cardiac glycosides, tannins, phenols and flavonoids (Table 

1). 

Table 1. Phytochemical analysis 

S. No Phytochemical compounds Cucumis sativus L white peel 

1 Alkaloids + 

2 Reducing Sugar +++ 

3 Steroids ++ 

4 Terpenoids ++ 

5 Cardiac glycosides ++ 
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S. No Phytochemical compounds Cucumis sativus L white peel 

6 Tannins + 

7 Phenols ++ 

8 Saponins + 

9 Amino acids - 

10 Proteins + 

11 Starch - 

12 Flavonoids ++ 

+marginally present. ++ Discreetly present. +++extremely present – absent 

HRLCMS study 

Phytochemical analysis of foamy extract indicated the presence of triterpenes and 

cardiac glycosides. The specific confirmatory test for lactone ring and deoxysugars of 

cardiac glycosides was conducted found positive for triterpenes and cardiac 

glycosides. The previous study on phytochemical analysis methanol and acetone 

leaves extract of C. sativus showed the presence of cardiac glycosides, tannins, 

carbohydrates, terpenoids, saponins resins phytosterols, and exhibited antibacterial 

and anticancer activity by Feng et al. (2018). Plants are the gem house of bioactive 

compounds. High-Resolution Liquid Chromatography coupled with a Quadrupole ion 

trap Mass Spectrometer is the rapid analytical technique. Taking sensitivity and 

resolution into consideration the qualitative and quantitative phytochemical 

composition of acetone extract of the foamy substance of C. sativus was done. It is 

composed of multiple classes of metabolites. The chromatogram is made up of a 

complex pattern of major and minor peaks (Fig. 1). 

 

Figure 1. Chromatogram of Foamy extract of Cucumis sativus L. 
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The chemical nature of each peak was identified. The metabolite profile highlighted 

the presence of hundred different organic compounds consisting of amino acids, fatty 

acids, pyridylactic acid, abscisic acid, etc. The qualitatively identified metabolites 

were compared with ms/ms spectra with standards C. sativus and fruit pulp extract 

was qualitatively identified with a skeleton of triterpenes and originally identified in 

cucurbitaceous plants by Rajasudha and Manikandan, 2019; (Liang et al., 2019; Che 

Zhang., 2019).  

Principal component analysis (PCA)  

The analytical data presented in Table 2 of showed the presence of Triterpenes: 

Cucurbitacin-C (0.8ppm), Cucurbitacin-E (5.53ppm), and Cardiac glycosides: 

Gitoxigenin (7.76ppm), Strophanthidin (13.79ppm), and Digitoxigenin(2.13ppm) in 

10µl of the loaded sample (The recorded spectra were compared with the reference 

standard. All the compounds were detected with mass spectra (m/z)-mass to charge 

ratio. Triterpenes were naturally occurring tetracyclic compounds. A study till today 

says that the main natural sources for cardenolides were extracted from Digitalis 

lanata and Digitalis purpurea species. Both species are cultivated for this purpose. 

Strophanthidin is a cardenolide found in species of the genus Strophanthus. Our study 

reported the Strophanthidin 13.77ppm in white foamy substances of C. sativus local 

white variety this is considered as potent pharmacologically cytotoxic compounds 

has immense pharmacological properties. To our knowledge this is the first report of 

phytochemical analysis of a foamy extract of Cucumis sativus L. In existing exercise, 

Digoxin is the merely Cardiac Glycoside (CG) compound that has been accepted for 

clinical use in considering cardiac patients and had been permitted for clinical use in 

handling cardiac patients and had been revealed to constrain cancer cell viability at 

meditations of 10-100nM. The study exposed that low concentration 0.05-0.128µM 

were operative as anticancer drugs by Siti and Nurhanan (2018). 
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Table 2.  HRLCMS details of prominent compounds with MS spectra, peak list and 

compound structure of white foamy substances of Cucumis sativus L. local 

white cultivar 

The data displays the mass of prominent compounds as a plot of the ion signal as a 

function of the mass to charge ratio. These spectra are used to determine the 

elemental signature of the material, the density of the particles and molecules and to 

Compound 

label 

Compound 

Structure 

m/z RT Formula  Mass / 

MS spectrum peak list 

Cpd 1 : 

Digitoxigenin 

 

 

 

397.2357

7 

19.92 C23H34O

4 

374.2465 

 

Cpd 2: 

Gitoxigenin 

 

413.2266 9.893 C23H34O

5 

390.2376 

 

Cpd 3: 

Strophanthidi

n 

 

407.2258 14.61

4 

C23H44O

8 

404.2143 

 

Cpd 4: 

Cucurbitacin 

E 

 

579.2895 17.14

3 

C32H44O

8 

 

Cpd 5: 

Cucurbitacin 

C 

 

561.3426 11.44

2 

C23H48O

8 
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elucidate the chemical identity and composition of the molecules. The MS spectrum 

peak list includes data on relative abundance, the most typical ion fragment 

produced, such as the relative strength of the compound. All ions produced are 

noticed in the detector. The ratio m/z, retention, time-molecular formula chemical 

formula of all prominent compounds is defined below. The mass of compound-1 

Digitoxigenin as a plot of the ion signal as a function of the mass to charge ratio. The 

ratio m/z 397.2357 retention time 19.92 molecular formula chemical formula of 

Digitoxigenin is defined above (Table 2). It was observed in the range of-2.13ppm. 

Compound-2 shows the mass of Gitoxigenin as a plot of the ion signal as a function 

of the mass to charge ratio. The ratio m/z 413.2266, retention time 9,893 molecular 

formula chemical formula of Gitoxigenin is defined above (Table 2). It was observed 

in the range of 7.76 ppm. The compound-3 the mass of Strophanthidin as a plot of the 

ion signal as a function of the mass to charge ratio. The ratio m/z 407.2258 retention 

time 14.614 molecular formula chemical formula of Strophanthidin defined above 

(Table 2). It was observed in the range of 13.79ppm in the highest concentration. The 

compound-4 mass of Cucurbitacin-E as a plot of the ion signal as a function of the 

mass to charge ratio. The ratio m/z 579.2895, retention time 17.143 molecular 

formula chemical formula of Cucurbitacin-E is defined above (Table 2). The mass of 

Cucurbitacin-C as a plot of the ion signal as a function of the mass to charge ratio. 

The ratio m/z 561.3426, retention time 11.442 molecular formula chemical formula 

of Cucurbitacin-C is defined above (Table 2). It was observed in the range of -0.8 pp. 

The precise usage and principal effects of CG in inhibiting Na
+
/K

+ 
ATPase pumps are 

not yet fully understood. The application of CG reported more than 1550 years ago in 

early texts they 5.53. are used in arrow missile poisons as abortifacients, as heart 

stimulants, as diuretics Mallick et al. (2022).Cardenolides are also exhibited 

cytotoxic activity the possible mechanism depicted in literature are various signal 

transduction cascades that ultimately prevent cancer cell growth and persuade 

apoptosis through inhibition of NF/NF-kβ (nuclear factor kappa-light-chain-enhancer 

of activated B cells)pathway it also revealed to upsurge the expression of death 

receptors (DR4, DR5) upsurges the calcium concentrationsDR4 (Trail receptor 1)and 

DR5 (Trail receptor 2)are transmembrane receptors that have an intracellular death 

domain by Kabouche et al. (2017) and Reddy et al. (2020). Cardiotonic drugs are 

used to upsurge the competence on the contraction of the heart muscle, which clues 

to improved blood flow to all tissues of the body and increases the force of the 

contraction of the myocardium of the heart. (Patel et al., 2019). Glycosides related to 

puerarin, gymnemic acid 1rutin, and sativoside have been stated for noteworthy 

antidiabetic activity. Aglycones like christinin, strictinin, and securigenin have been 

conveyed for their antidiabetic activity by Adki et al. (2021). The study on relations 

of cardiac glycosides with the nuclear receptor superfamily of transcription factors 

triggered by fewer molecular ligands such as hormones that control several purposes 

of cells and organisms. Cardiac Glycosides (CG) of endogenous and exogenous 

sources by interacting with nuclear receptors can have impacted the processes 
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regulated by these transcription factors, including carcinogenesis, immune system, 

hormonal management, body defense. They can also be treated as preliminary 

assemblies for combinatorial chemistry to produce novel compounds comprising 

remedies with the anticipated properties (Karas et al., 2020, Putri et al., 2022). 

Strophanthidin the highest concentration in the foamy extract is a significant finding 

where it interacts with various proteins in biochemical reactions. It has a role in the 

down regulation of proto-oncogenes. It plays a significant role in cell cycle arrest at 

the G2/M phase. Inhibits the membrane protein Na
+
/K

+
 ATPase in muscle tissue. C 

sativus is used as both vegetables as well as fruit in Indian traditional medicine. It is a 

source of nutritional benefits and bioactive compounds. 

Cytotoxic activity 

The morphological observation indicated brownish colour change in the roots and 

average root length was decreased depending upon increasing concentration. 

Photomicrograph study was done under 100x light microscope with Nikon 

photographic camera. The photomicrograph study indicates reduction in root growth 

and chromosomal aberrations, disturbed telophase, anaphase, abnormal cell shape, 

dissolved chromosomes, membrane damage and nuclear lesions (Fig. 2) The mitotic 

index in negative and positive control was 7.25% and 3.29% respectively. 

  

 

 

Figure 2.  Photomicrograph study was done under 100x light microscope with Nikon 

photographic camera 
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CONCLUSION 

The present study suggests that Cucumis sativus L. local white cultivar of Hassan 

district Karnataka is a good source of drugs to improve human health and enlightened 

us on the science behind the removal of white foamy substances before slicing the 

cucumber. In this regard, we have to expand our knowledge on phytochemical 

constituents of Cucumbers grown in different parts of the world. Animal model study 

is further recommended to evaluate cytotoxic study white foamy extract of Cucumis 

sativus L. for human welfare. The foamy extract could be the source of cheap 

medicine for cancer and cardiac patients.  
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ABSTRACT 

An experiment was conducted in the horticultural farm at Sher-e-Bangla 
Agricultural University, Dhaka to evaluate the Mulch practices on Growth 
and yield of four Lisianthus germplasm. The experiment consisted of four 
treatments (Mo: Control, Ms: Straw mulch, Mc: Cocodust mulch, Mbp: 
Black polythene mulch) and four Lisianthus germplasms (V1: Arena Type 
Pure White, V2: Double Pure White, V3: Arena Type Light Pink, V4: Super 
Magic Type Blue), laid out in a Randomized Complete Block Design 
(RCBD) with three replications. The results showed significant variations 
among the four varieties and different mulches. The tallest plant (71.6 
cm), thickest stem (5.7 mm) and the largest flower size (70.6 mm) were 
found in V4 (Super magic type Blue) than others. Plants grown in Black 
polythene mulch (Mbp) recorded the tallest plant (65.1 cm), highest stem 
dia. (5.7 mm), maximum stem number (6.4), maximum number of 
flowers/plant (44.7) and the largest flower size (64.9 mm) than control. 
Based on the above parameters, the mulches are put in order as follows 
Mbp ≥ Mc ≥ Ms ≥ Mo. These findings may provide useful data for the 
improvement of sustainable flower production of Lisianthus. 

Keywords: Flower production, Petal coloration, Lisianthus germplasm, 

Mulch.  

INTRODUCTION 

Mulch is a technical word for 'soil covering.' Mulches are used in agriculture to save 

water and prevent erosion. It helps retain soil moisture, controls temperature 

variations, enhances the soil's physical, chemical, and biological characteristics, and 

provides nutrients, enhancing crop development and productivity (Dilip Kumar et al., 

1990). In the winter, straw mulch increased 2-3°C soil temperature (Sarolia and 
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Bhardwaj, 2012). Lamont (1993) stated that the soil beneath transparent mulch may 

be 7 degrees Celsius warmer than bare soil. Park et al. (1996) reported a 2.4
0
C rise in 

15 cm deep soil temperature with clear film and a 0.8
0
C rise with black film. Kabir et 

al. (2007) found that mulch treatments affected dianthus flower output and petal 

coloration. Black polythene mulch improved moisture management, soil temperature 

and promote early flowering. Higher moisture, optimal nutritional availability, and 

other variables led to more vibrantly colored flowers under the mulch treatment. 

According to Bhuiyan et al. (2010), Mulching potted gerberas improved flower 

production, yield parameters, and petal coloration. Granberry et al. (1994) reported 

that, mulches reduce soil evaporation. It improves soil agrophysical properties by 

raising soil temperature and microbial activity. Consequently, it appears that 

mulching impacts the growth and quality of flowers, so we carried this research with 

Lisianthus germplasms. Lisianthus (Eustoma grandiflorum) is a beautiful annual or 

biennial cut flower (Roh and Lawson, 1988). The plant reaches a height of 15 to 60 

centimeters and has bluish green, slightly succulent leaves and produce attractive 

funnel-shaped flowers on long, straight stems with vast charming color shades. Arena 

Type Pure White is single-flowered plants feature big, spherical petals where, Arena 

Type Double Pure White, Arena Type Light Pink and Super Magic Type Blue 

varieties have rose-like double blooms. Furthermore, the flowers have a shelf life of 

12 to 25 days after harvest (Uddin et al., 2013). However, research on mulching for 

Lisianthus flower production is limited, so this study was conducted to determine the 

influence of black plastic mulch along with other traditional mulches on quality 

flower production of Lisianthus. 

MATERIALS AND METHODS 

The experiment was conducted at the horticulture farm, Sher-e-Bangla Agricultural 

University, Dhaka, Bangladesh from January to March, 2019. The experimental plot 

was under the Agro Ecological Zone of Modhupur tract (AEZ No 28). The optimal 

temperature range was between 15
0
 and 25

0
 degrees Celsius with sufficient sunlight 

and the land topography was medium high and soil texture was silt clay with pH 6.5. 

This is a two-factor experiment with three replications using the RCBD factorial 

design. Different Lisianthus germplasm (V1: Arena Type Pure White, V2: Double 

Pure White, V3: Arena Type Light Pink, V4: Super Magic Type Blue) and different 

types of mulches (Mo: Control, Ms: Straw mulch, Mc: Cocodust mulch, Mbp: Black 

polythene mulch) were used in this study. Seeds of Lisianthus were collected from 

Takii Seed, Japan. Seeds were seeded in plug trays (128-hole) filled with 

vermicompost and placed in the Nandini plant factory, which serves as the 

germination and growth chamber for the seedlings. Seed trays were kept in the Plant 

factory where optimum temperature was 20
0
 Celsius and 16 hours of light was 

ensured (Sultana, M.N. et al., 2021). Daily care was provided for healthy seedling 

development. 
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V1 V2 V3 V4 

    

Mo Mc Ms Mbp 

Plate 1.  Photographs showing, V1: Arena Type Pure White, V2: Double Pure White, 

V3: Arena Type Light Pink, V4: Super Magic Type Blue and Mo: Control, 

Mc: Cocodust, Ms: Straw mulch, Mbp: Black polythene mulch. 

60-days-old seedlings were transplanted into the main field. Land was prepared 

through plowing and cross plowing, followed by laddering. In the experimental plots, 

the recommended amounts of manure and fertilizer were applied and mixed with the 

soil (Sultana, M.N. et al., 2022).  There were 48-unit plots, each plot was 3 m × 1.5 

m, and the gap between two blocks and two plots was kept at 0.5 m. The seedlings 

were planted at a consistent spacing of 30 cm × 25 cm (Husna, M.A. et al., 2022). 

Straw and cocodust mulches were placed after seedling transplanting, whereas a 

black polythene mulch was laid over the plot before seedling transplanting (Plate 

2a.). After covering the plots with a black polythene sheet small holes were made 

(Plate 2b.) for seedling transplantation and preserving optimum plant-to-plant and 

row-to-row spacing. When necessary, intercultural techniques like as watering and 

drainage, weeding, gap filling, staking, disease and pest control were carried out. 

Data was collected on the basis of growth-related, yield attributing, and quality 

attributing parameters. 
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(a) (b) (c) 

Plate 2. Experimental Photographs, (a) Black Polythene Mulch (b) hole in Black 

Polythene Mulch and (c) transplanting Seedling. 

Petal color of Lisianthus was measured using a precision colorimeter iWAVE WF32 

(Shenzhen Wave), followed by L* (lightness), a* and b* (two Cartesian coordinates) 

including C* and hab (Chroma and Hue angle), based on the CIELab scale (CIE, 1986 

and McGuire, 1992). 

The data collected for various parameters were statistically evaluated using Statistix-

10 scientific analysis software to determine the significance of variance among 

treatments, and treatment averages were compared using the Least Significant 

Difference (LSD) test at 5% probability. 

RESULTS AND DISCUSSION 

Plant height 

Significant variation was found with plant height among different cultivars of 

Lisianthus (Fig. 1). Average plant height varied from 49.6 to 71.6 cm. Among the 

four varieties the tallest plant (71.6 cm) was found in Super magic type Blue (V4) and 

the smallest (49.6 cm) was in Arena Type Pure White (V1). These results are closely 

related to Uddin et al. (2013), who said that the plant height of Lisianthus was varied 

among different germplasm of Lisianthus.  

Plant height of Lisianthus varieties exposed statistically significant differences 

among different mulching treatments (Fig. 2). Maximum plant height (65.1 cm) was 

recorded at Black plastic mulch (Mbp) and the shortest plant (59.3 cm) was observed 

in control (M0).  

The interaction effect between mulching and Lisianthus varieties showed significant 

variation for Plant height (Table 3). Highest Lisianthus plant (75.2 cm) was recorded 

in Super magic type Blue varieties grown by using Black plastic mulch (V4Mbp) and 

the lowest plant height (46.5 cm) was observed in Arena Type Pure White treated 

with no mulch (V1Mo). 
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Figure 1. Performance of four varieties 

on the Plant height of Lisianthus. (Here, 

V1: Arena Type Pure White, V2: Double 

Pure White, V3: Arena Type Light Pink, 

V4: Super Magic Type Blue). 

           Figure 2. Effect of different mulching   

treatments on the Plant height of 

Lisianthus. (Here Mo: Control, Mc: 

Cocodust, Ms: Straw mulch, Mbp: Black 

polythene mulch). 

Brunch number 

Number of branches per plant varied significantly among the four Lisianthus 

cultivars (Table 1). The range of numbers was 6.9 to 5.3. V3: Arena Type Light Pink 

had the highest number of brunches per plant (6.9), while V2: Double Pure White 

yielded the fewest (5.3). Uddin et al. (2015) observed significant variation in the 

performance of eight germplasm of Lisianthus. The number of branches plays a 

crucial role in the overall production of plants, especially in the case of cut flowers, 

since a maximum number of stems corresponds to a maximum number of flowers. 

The number of brunches per plant varied significantly depending on mulching 

treatments (Table 2). Mbp (Black polythene mulch treatment) yielded the greatest 

number of brunches per plant (6.4), whereas M0 (control) yielded the fewest (5.7). 

In the case of combined effect of Lisianthus cultivars and different types of mulching 

treatments, the number of brunches varied significantly (Table 3). The most stems 

were found in V3Mbp (7.52), while the fewest were found in V2Mo (5.2), and V2Ms 

(5.2). These results were statistically similar. 
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Table 1. Evaluation of Lisianthus germplasm with different parameters 

Germplasm Brunch 

number 

Stem 

diameter 

(mm) 

Bud 

number/ 

plant 

Flower 

number/ 

plant 

Peduncle 

height 

(cm) 

Flower 

head dia 

(mm) 

V1 5.9 b 4.4 d 13.2 c 35.3 b 10.0 b 47.1 d 

V2 5.3 d 5.5 b 11.9 d 29.2 c 8.3 c 61.3 c 

V3 6.9 a 5.0 c 19.1 a 44.1 a 10.2 b 67.0 b 

V4 5.7 c 5.7 a 16.6 b 36.6 b 10.9 a 70.6 a 

LSD 0.1 0.1 0.5 1.9 0.5 0.7 

CV% 1.1 2.2 2.96 4.8 4.3 0.9 

 Here, V1: ArenaType Pure White, V2: Double Pure White, V3: ArenaType Light Pink, V4: Super Magic 

Type Blue. 

Table 2. Influence of Mulching Treatments with different parameters 

Germplasm Brunch 

number 

Stem 

diameter 

(mm) 

Bud 

number/ 

plant 

Flower 

number/ 

plant 

Peduncle 

height 

(cm) 

Flower 

head dia 

(mm) 

M0 5.7 d 4.8 c 12.8 d 30.4 d 8.3 c 58.6 c 

Mc 6.0 b 5.3 b 15.4 b 36.1 b 9.9 b 61.3 b 

Ms 5.9 c 4.9 c 14.5 c 33.9 c 9.7 b 61.1 b 

Mbp 6.4 a 5.7 a 17.9 a 44.8 a 11.6 a 64.9 a 

LSD 0.1 0.1 0.5 1.9 0.5 0.7 

CV% 1.1 2.2 2.9 4.8 4.3 0.9 

[Here, Mo: Control, Mc: Cocodust, Ms: Straw mulch, Mbp: Black polythene mulch 

Stem diameter 

The measured stem diameter of the Lisianthus lines under study varied significantly 

(Table 1). V4 (Super Magic Type Blue) displayed the thickest stem (5.7 mm), while 

V1 (Arena Type Pure White) displayed the thinnest (4.4 mm). Both Harbaugh (2000) 

and Uddin et al. (2015) observed variation in Lisianthus stem diameter, claiming that 

stem diameter varies from variety to variety.  

Mulching had a considerable effect on stem diameter (Table 2). The maximum stem 

diameter (5.7 mm) was found from Mbp treatment, whereas the smallest stem 

diameter (4.8 mm) was recorded in control, which is statistically equivalent to 

Ms (4.9 mm). 

Significant variation in stem diameter was seen in the case of combined effects 

(Table 3). Among treatments, V4Mbp had the highest proportion of stem diameters 

(6.5 mm), whereas V1M0 had the smallest (4.1 mm). Increasing photosynthetic 

efficiency improves plant vegetative growth. 
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Table 3.  Combination effect of Mulching Treatments and performance of 

Lisianthus germplasm with different parameters 

Treatments Plant height 

(cm) 

brunch 

number 

Stem 

diameter 
(mm) 

Bud number Flower 

/Plant 

Flower head 

diameter 
(mm) 

Peduncle 

height (cm) 

V1Mo 46.5 j 5.6 g 4.1 j 11.1 fgh 28.5 ghi 45.8 i 7.1 g 

V1Mc 50.1 i 6.1 e 4.4 ij 13.2 de 35.7 de 47.5 gh 9.9 cde 

V1Ms 48.5 i 5.9 f 4.2 j 12.4 ef 33.0 efg 46.3 hi 10.9 abc 

V1Mbp 53.1 h 6.4 d 4.7 hi 16.2 c 43.9 bc 49.0 g 12.2 a 

V2Mo 56.1 h 5.2 h 5.2 f 9.9 h 24.3 i 57.7 f 6.9 g 

V2Mc 59.1 f 5.5 g 5.7 cd 12.0 efg 30.4 fgh 60.3 e 8.7 ef 

V2Ms 57.3 fg 5.2 h 5.3 ef 10.9 gh 26.6 hi 61 e 7.8 fg 

V2Mbp 61.9 e 5.4 g 6.1 b 14.6 d 35.6 de 66.2 c 9.9 cde 

V3Mo 64.7 d 6.6 c 4.7 hi 16.3 c 38.8 cd 63.5 d 9.1 def 

V3Mc 68.3 c 6.9 b 5.1 fg 19.6 b 42.9 bc 67.5 c 9.9 cde 

V3Ms 66.2 d 6.7 bc 4.8 gh 18.4 b 40.3 bcd 66.2 c 9.3 cde 

V3Mbp 70.3 bc 7.5 a 5.6 de 21.8 a 54.4 a 70.8 b 11.9 a 

V4Mo 69.7 bc 5.4 g 5.2 f 13.9 d 30.2 fgh 67.9 c 10.2 bcd 

V4Mc 71.5 b 5.6 g 5.9 bc 16.7 c 35.4 def 69.9 b 11.3 ab 

V4Ms 70.0 bc 5.5 g 5.3 ef 16.3 c 35.7 de 70.7 b 10.2 bcd 

V4Mbp 75.2 a 6.2 de 6.5 a 19.4 b 45.1 b 73.9 a 12.2 a 

LSD 1.9 0.2 0.4 1.37 5.2 1.89 1.3 

CV% 1.1 1.1 2.2 2.96 4.8 0.9 4.3 

Here, V1: Arena Type Pure White, V2: Double Pure White, V3: Arena Type Light Pink, V4: Super Magic 

Type Blue and Mo: Control, Mc: Cocodust, Ms: Straw mulch, Mbp: Black polythene mulch.  

Bud Number 

Bud numbers per plant varied significantly among the four types of Lisianthus 

germplasm (Table 1). The greatest number of buds was observed on V3 (19.0), while 

V2 had the fewest (11.9). 

Different mulching techniques had a substantial effect on the quantity of bud studied 

(Table 2). The greatest number of buds (18.0) was seen in the Mbp treatment and the 

fewest in the M0 treatment (12.81). 

In the case of the combined effects of Lisianthus cultivars and mulching procedures, 

significant variance was seen (Table 3). The most buds (21.8) were found in V3Mbp, 

while the fewest (11.1) were found in V1M0.  

Flower number / plants 

The number of flowers per plant varies across the four types of Lisianthus species 

(Table 1). V3 (44.1) produced the most flowers per plant, whereas V2 (28.3) produced 

the least (29.2). Ahmed (2017), Wazir (2014), Uddin et al. (2013) and Uddin et al. 
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(2015) found the similar results in their examinations of numerous lines of 

Lisianthus. The total output of a plant is affected by the quantity of flower buds and 

flowers per plant. 

 Mulching treatments significantly affected flower yield per plant (Table 2). The Mbp 

treatment produced the highest number of flowers (44.8), whereas the M0 treatment 

produced the fewest (30.4). This result is supported by the findings of Kabir et al. 

(2007) in Dianthus.  

The combined influences showed significant variations in the number of flowers per 

plant (Table 3). V3Mbp generated the highest number of flowers per plant (54.4) 

whereas V2Mo produced the lowest number of flowers per plant (24.3). 

Flower head diameter 

Significant variation was observed with flower head diameter (Table 1) in four 

Lisianthus cultivars. V4 has the biggest flower head diameter (70.6 mm), while V1 

had the smallest (47.1 mm). Harbaugh et al. (2015) observed similar variations in 

flower head diameter.  

Mulching treatments significantly influenced flower head diameter (Table 2). The 

highest flower diameter (64.9 mm) was recorded at black plastic mulch (Mbp) and the 

minimum flower head diameter (58.6 mm) was found at the control condition (M0).  

In cases of combined effect, substantial variation in flower head diameter was noticed 

(Table 3).  V4Mbp had the largest flower head diameter (73.9 mm), followed by 

V3Mbp (70.8 mm) and V4Ms (70.7 mm), while V1M0 had the smallest (45.7 mm), 

followed by V1Ms (46.3 mm) and V1Mc (47.5 mm). 

Peduncle length 

The height of the peduncle varied significantly among the varieties studied. V4 had 

the highest peduncle height (10.9 cm), while V2 had the lowest (8.3 cm) (Table 1). 

The peduncle height of Lisianthus changed over the experiment, revealing substantial 

differences (Table 2). The Mbp application had the longest peduncle length (11.6 cm), 

while the M0 application had the shortest (8.3 cm). 

In the case of the combined effect, significant variation was also seen (Table 3). The 

longest peduncle height (12.2 cm) was observed in V4Mbp, while the smallest 

peduncle height (6.9 cm) was recorded in V2M0, which was statistically similar with 

V1M0 (7.1 cm). 

Colorimetric measurement 

Petal coloration of different varieties of Lisianthus differed significantly with 

traditional mulches (Table 4). Arena type Pure white (V1) showed highest lightness 

(92.6) in Straw mulch, which was followed by Black plastic mulch (91.7) and lowest 

was recorded in control (87.9). In case of Arena type double white, highest lightness 

(91.5) observed in black plastic mulch and the lowest was recorded in coco dust 
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mulching (89.5) (Table 4). Arena type Light Pink variety showed significant 

variation with different mulching practices. The maximum L* value (80.9) was found 

in control and minimum L* (74.9) was recorded in Black plastic mulch. The petal 

lightness (b*) also decreases in Mbp (11.3) which denotes the most darker color 

flower was found in Mbp. Super Magic Type Blue Plants under the black plastic 

mulch treatment produced most vivid blue color petal, because of lowest L value 

(27.8).  Colorimetric assessments of four Lisianthus varieties were measured By a 

 Shenzhen Wave colorimeter (IWAVE WF32) where L* denotes lightness, a* and b* 

(two Cartesian coordinates), as well as C* and hab indicates Chroma and Hue angle, 

according to the CIELab scale with standard observer 100 and standard illumination 

D65 (CIE, 1986; McGuire, 1992). These results are closely related with Kabir et al. 

(2007). They also found the significant effect of mulching on flower production on 

Dianthus and black plastic mulch showed the most attractive color than other 

mulches. 

Table 4. Petal color of four Lisianthus germplasm with different mulching practices 

Variety Treatments Coloration 

L* a* b* C* hab 

Arena Type 

Pure White 

 

Mo 87.9 -0.9 18.2 18.2 92.8 

Mc 88.3 -0.4 14.2 14.3 91.7 

Ms 92.6 -0.5 17.3 17.3 91.8 

Mbp 91.7 -0.4 16.1 16.1 91.6 

Double White 

 

Mo 90.6 -0.5 13.6 13.6 92.1 

Mc 89.5 -0.7 15.3 15.4 92.7 

Ms 90.7 -0.8 15.4 15.4 92.8 

Mbp 91.5 -0.6 16.3 16.2 92.2 

Arena Type 

Light Pink 

 

Mo 74.9 17.1 11.3 20.5 33.4 

Mc 80.9 10.7 13.8 17.5 52.3 

Ms 77.4 16.3 11.9 20.3 36.3 

Mbp 78.6 13.8 14.3 19.8 46.1 

Super Magic 

Type Blue 

 

Mo 38.3 27.6 -28.4 39.6 314.2 

Mc 27.9 35.8 -38.5 52.5 312.9 

Ms 31.7 34.8 -35.9 49.9 314.1 

Mbp 27.8 33.4 -33.4 47.2 314.9 

Mo: control; Ms: Straw mulch; Mc: Cocodust mulch; and Mbp: Black plastic mulch; L*, lightness; C* 

(Chroma); (a*2+b*2 )1 /2 and hab (h°; hue angle), b*/a*; (a*, a hue of green to red; b*, blue to yellow) 
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CONCLUSION 

Based on the results of the experiment, it can be stated that black plastic mulching 

produced the greatest outcomes for Lisianthus growth, yield, and quality-attributing 

parameters. And the best results were achieved by combining Black plastic mulch 

with Super magic type blue and Arena type light pink.  
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ABSTRACT 

Performance of four oyster mushroom species such as Pleurotus 
ostreatus, PO-2 (S1), P. djmour, Pop-1 (S2), P. florida, FLO-2 (S3) and 
Pleurotus ostreatus PO-10 (S4) with two culture methods like spore 
culture (C1) and vegetative tissue culture (C2) was investigated. The 
experiment was conducted in Mushroom Development Institute (MDI), 
Savar, Dhaka from April to June, 2021 in CRD method. Considerable 
variations on different parameters related to growth and yield attributes 
were recorded. The least time required (56 days) from pure culture to 
first harvest was recorded in S2. The minimum days required for 
mycelium running completion in spawn packet (20.25 days) was 
observed from the treatment combination S2C1 whereas the maximum 
days (28.5 days) was observed from S3 C2. From pure culture to first 
harvest, the highest duration (77.75 days) was observed in S1C2 and the 
lowest duration (54.50 days) was observed in S2C1. The diameter of 
pilea ranged from 6.2 cm to 7.3 cm with significant difference. The 
maximum yield (137.25g) and biological efficiency (61%) were achieved 
from S2C1, the lowest yield (108.12g) and biological efficiency (48.05%) 
were being found with S3C1. The protein percentage was found highest 
(24.56%) in S1 and fiber was maximum (20.72%) in S3. Protein 
percentage was found maximum (24.82%) in S1C1 and minimum 
(21.52%) in S3C2. The highest yields (133.31 g, 124.47 g and 137.25 g) 
were achieved from S2 species, C1 culture method and combination 
treatment S2C1, respectively. 

Keywords: Performance, Oyster mushroom, Spore, Tissue culture. 

  

                                                           
* Corresponding author : kabirsau@yahoo.com 

 

Received: 12.09.2022  Accepted: 19.10.2022 

mailto:kabirsau@yahoo.com


170 Islam et al. 

INTRODUCTION 

Mushrooms are the fruiting bodies of macro fungi. They are neither plants nor 

animals, but they have been placed in a kingdom of their own called the kingdom of 

Myceteae. The term mushroom resembles to those fungi that have stem (stipe), cap 

(pileus), hymenium (lamellae) and spores which are present on the underside of the 

cap (Masarirambi et al., 2011). They have heterotrophic mode of nutrition as they 

lack chlorophyll. Mushroom is an organic vegetable. A high nutritional value of dried 

oyster mushrooms has been reported with protein (20-27%), fat (4-7%), carbohydrate 

(32-48%), fibre (18-24%) and ash (8-13%) (Afsary et al., 2013). In Bangladesh, 

mushroom is being cultivated about 40 years. Among all, oyster mushroom 

(Pleurotus spp.) is mainly cultivated throughout the country round the year. Oyster 

mushroom (Pleurotus spp.) is very popular edible mushroom due to its excellent 

flavor and taste.  

Mushroom production and consumption are getting popularity among the 

Bangladeshi people. Its production is increasing day by day in Bangladesh as 

evident by almost four times higher mushroom is produced in 2018-19 compared 

to 2009-10 (Ferdousi et al., 2020). Though the mushroom production is increased 

in Bangladesh but could not meet the demand yet. Mushroom Development 

Institute (MDI) is the sole government institute for extension and research of 

mushroom throughout the country. MDI cultures different oyster mushroom species. 

Most of them provide better yield in winter season and some in summer. POP and 

PO10 perform better in summer season. PO2 strain is cultivated round the year. 

There are two methods of mushroom culture, the spore culture and the tissue culture 

technique (Thapa et al., 2019). Tissue culture method is practiced in mushroom 

production in our country. In this method, vegetative part is used. Here, tissues from 

the joint point of stalk and pilea is collected and placed to a media. It is a clonal 

propagation. It maintains all the characters of mother plant and chance of variation is 

not occurred. The process is relatively easier. Spore culture is a method of producing 

mushroom from spore. The method is more technical. Here, Pilea collected from 

mushroom is placed to a petri plate.  Spore falling from the lower portion of the pilea 

is collected and placed to the media. In spore culture, spore can be preserved for long 

days. By the continuous use of tissue culture method and repeated subculture through 

year to year, the PO2 strain is losing productivity (Sarker et al., 2014). If we consider 

it, spore culture may be an alternate option. In spore culture, variation in growth and 

yield can be expected. The present study was designed to evaluate the growth and 

yield performance of different oyster mushroom (Pleurotus spp.) species with 

different culture methods. 

MATERIALS AND METHODS 

A 2-factorial experiment in completely randomized design with 4 replications was 

conducted at Mushroom Development Institute, Savar, Dhaka during the period from 
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last week of April to June 2021. Two different culture methods viz. spore culture (C1) 

and vegetative tissue culture (C2) and four oyster mushroom species namely 

Pleurotus ostreatus, PO-2(S1), P. djmour, POP-1 (S2), P. florida, Flo-2 (S3) and 

Pleurotus ostreatus PO-10 (S4). The factors were tested in different combinations. 

Preparation of pure Culture: Pure culture of above-mentioned variety (tested 

variety) were prepared on Potato Dextrose Agar (PDA) medium containing infusion 

of 250 g of peeled and sliced potato, 20 g of dextrose and 20 g of agar. The mixture 

was boiled on gas burner until the agar dissolved. The medium was poured into test 

tube (30 ml) at 10 ml/tube. The medium in test tube was sterilized in an autoclave for 

20 minutes at 120°C under 1.1 kg/cm
2
 pressure. After sterilization and solidification, 

the tubes were inoculated with the test materials. Pieces of inner tissues of joint of 

stalk and pileus were used as inoculum. A fresh and full grown sporophore of oyster 

mushroom was surface-sterilized with 70% ethanol by rubbing cotton soaked in 

alcohol. Tissues were collected from inner region of the sporophore. The tissues were 

cut into small pieces and placed on the solidified test tube containing PDA. For spore 

culture, pilea collected from mushroom is placed to a petri plate.  Spore falling from 

the lower portion of the pilea is collected and placed to the media. After inoculation, 

the tubes were covered with cork. All operations were done under sterile condition in 

a clean bench. The inoculated tubes were transferred to a growth chamber 

maintaining temperature at 20-25°C and incubated for 8-15 days. Then pure culture 

was used for inoculation of mother culture. 

Preparation of mother Culture: Mother culture was prepared by mixing sawdust 

and wheat bran at the ratio of 2:1. Calcium carbonate was used at the rate of 0.2% of 

the mixture. The moisture level of the mixture was maintained at 55% (using 

automatic moisture analyzer) by adding tap water. Polypropylene bags of 18 cm  

25 cm size were filled with 300 g of the above prepared mixture and packed tightly. 

After sterilization, the packets were cooled for 24 hours and transferred into a clean 

bench. A piece of pure culture medium containing mycelium of different oyster 

mushroom variety according to treatments were placed aseptically in the hole of 

mother culture packet and the packet was again plugged as mentioned before. Then 

the inoculated packets were placed on a wooden rack in the laboratory at 25±2°C 

temperature for incubation.  

Preparation of Spawn Packet: The substrate of spawn packets was prepared using 

sawdust and wheat bran mixture at the ratio of 2:1 (dry weight/weight basis). Water 

was added to make the moisture content at 55% and CaCO3 was added at the rate of 
0.2% (w/w) of the total mixture to maintain the pH level at 6.5 to 7.0. Polypropylene bags of 

18 cm x 25 cm were filled with 500 g of prepared substrate. The packets were tied, plugged 

with absorbent cotton and covered with brown paper. Then the packets were sterilized in 

an autoclave for 2 hour at 121°C under 1.1 kg/cm
2
 pressure. After sterilization the 

packets were cooled and transferred to an inoculation chamber and inoculated with 

the mother culture of test materials at the rate of one teaspoonful per packet. The 

inoculated packets were placed on a still rack at 25 ± 2°C temperature for incubation. 
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Experimental Condition: The packets were kept in a dark room at 25°C for 

incubation. When colonization of mycelium was completed, the spawn packets were 

taken to a culture house and were opened by ‘D’ shaped cut on the shoulder and 

removed the sheet. The relative humidity and temperature of the culture house were 

maintained at 80-90% and 20-25°C, respectively by spraying water. Diffused light, 

about 200 lux and proper ventilation in culture house were maintained. After 

harvesting of mushroom, the residues were removed from the packet and temperature 

and relative humidity were maintained as before. The yield was obtained from double 

flush in the harvest period. Yield in g/packet was recorded by weighing all the 

fruiting bodies in a packet after removing the lower dirty portion. It was counted for 

two flushes. The biological efficiency was determined using the following formula: 

100
packet) / (g used substrate  theof dry weight Total

packet) / (g yield biological Total
(%)efficiency Biological x  

Nutritional analysis 

The nutrient analysis work was done in The Association of Official Analytical 

Chemists (AOAC) method. 

Determination of total protein: Determination of total protein: Five gram of 

grinded mushroom was taken with 50 ml of 0.1 N NaOH and boiled for 30 minutes. 

The solution was cooled in room temperature and centrifuged at 1000 rpm by a table 

centrifuge machine (DIGISYSTEM: DSC-200T; Taiwan). The supernatant was 

collected and total protein content was measured according to the Biuret method 

(Raghuramulu et al., 2003).  

Determination of total ash: Ash content of fresh and solar dried mushroom was 

determined by using dry ash method AOAC (1995) method no. 942.05.  Total ash 

content of mushrooms was determined by accurately weighing one gram of each 

sample into a crucible and placing the crucible on a clay pipe triangle and at first 

heating over a low flame till all the material was completely charred, and later by 

heating in a muffle furnace for about 6 hours at 600°C. 

Determination of fiber: Fiber content of mushroom was determined by using AOAC 

method no. 962.03. 

Determination of total lipid: Total lipid was determined by AOAC (1995) method. 

Total carbohydrate estimation: The content of the available carbohydrate was 

determined by the following equation: Carbohydrate (g/100 g sample) 100 - 

[(Moisture + Fat ± Protein + Ash + Crude Fiber) g/100 g] 

Data Collection and Statistical Analysis: The experiment was laid out following 

completely randomized design (CRD) with 4 replications. Data on different attributes 

were recorded and analyzed using STATISTICS-10 computer program. Means 

separation were computed following Tukey HSD Comparisons Test using the same 

computer program. 
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RESULTS AND DISCUSSION 

Performance of Different Oyster Mushroom Species 

Performance of different mushroom species related to various growth, yield and 

nutrient attributes is shown in Table 1, Table 2 and Fig. 1, respectively. It was found 

that value of days required for mycelium completion in pure culture, mother culture, 

spawn culture, days required for primordial initiation, first harvest and total days 

required from pure culture to harvest ranges from 10.12 days to 11.62 days, 17.87 to 

23.37 days, 21.12 to 27 days, 3.50 days to 14.37 days, 2.50 days to 3.37 days and 56 

to 76 days, respectively (Table 1). The least time to complete mycelium in spawn 

culture was minimum (21.12) in S2 which significantly differed with other species. 

The highest duration required (27days) to complete mycelium formation in spawn 

packet was in S3. Baysal et al. (2003) found that in oyster mushroom (Pleurotus 

ostreatus), the fastest spawn running (mycelia development) (15.80 days), pin head 

formation (21.4 days) and fruit body formation (25.60 days) were realized with the 

substrate composed of 20% rice husk in weight. The least time required (56 days) 

from pure culture to first harvest was recorded in S2. 

Table 1. Growth performance of different oyster mushroom species  

Species Days required   

for pure 

culture 

Days required 

for   mother 

culture 

Days required for 

Spawn culture 

Days required 

for primordial 
initiation 

Days 

required for 
first harvest 

Total days 

required from 

pure culture to 
first harvest 

   

S1 10.62ab 22.25a 25.50b 14.37a 3.25ab 76.0a    

S2 

S3 

S4 

10.12b 

11.50a 

11.62a 

17.87b 

23.37a 

22.50a 

21.12c 

27.0a 

26.12ab 

4.37b 

5.12b 

3.50c 

2.50b 

2.87ab 

3.37a 

56.0c 

69.87b 

67.12b 

   

CV (%) 7.42 5.39 4.14 8.07 18.18 3.07    

In a column, means followed by a common letter are not significantly different at 5% level by Tukey 

HSD Comparisons Test  

S1 = PO-2, S2 = Pop-1, S3= Flo-2, S8 = PO-10 

It was found that values of average number of fruiting body, length of stalk, diameter of 

stalk, length of pileus, diameter of pileus, thickness of pileus ranged from 11 to 20.75, 1.2 

cm to 2.41 cm, 0.73 cm to 2.05 cm, 5.75 cm to 6.83 cm, 6.25 cm to 7.15 cm, 0.52 cm to 

0.71 cm, respectively. Yield per packet in two flushes was found the highest (133.31g) in 

S2 and the lowest (109.94 g) in S3 and significantly differed with each other (Table 2). 

Biological yield was observed the minimum (48.86%) in S3 and the maximum (59.25%) 

in S2 . Kalita et al. (1997) observed similar result that biological efficiency for different 

substrates varies from 35.20 to 60.90%. Obodai et al. (2003) found biological efficiency 

(BE) followed a pattern and ranged from 61% to 80%. 
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Table 2. Yield performance of different oyster mushroom species   

In a column, means followed by a common letter are not significantly different at 5% level by Tukey 

HSD Comparisons Test  

S1  = PO-2, S2 = Pop-1, S3= FLO-2, S4 =  PO-10 

Nutrient status of different oyster mushroom species is shown in Fig. 1. The protein 

percentage was found highest (24.56%) in S1 which significantly differed with other 

species. The least protein percentage (21.68%) was observed in S3 (Fig. 1). The data 

suggests the findings from Rostom M.A. (2009) that protein content varied from 

11.4-31.3% (w/w) in the mushroom grown on sugarcane bagasse with different levels 

of wheat bran.    The Maximum percentage (5.92%) of lipid was present in S1 which 

was statistically non-significant to S4 and significant with S2 and S3.  Accordingly, 

fiber was maximum (20.72%) in S3 which remains lowest (18.02%) in S4. Ash 

percentage was highest (10.81%) in S1 and carbohydrate (43.9%) in S4. 

 

Figure 1. Nutrient status of different oyster mushroom species 

Effect of Culture Methods   

Effect of culture methods on different growth parameters is shown in Table 3. 

Ranges of days required for pure culture, days required for mother culture, days 

required for spawn culture, days required for primordial initiation, days required for 

5.92 4.95 4.98 5.87 

18.43 18.23 20.72 18.02 

10.81 10.8 9.58 9.92 

40.26 42.91 43.01 43.9 

S 1  S 2  S 3  S 4  

Lipid (%) Fiber (%) Ash (%) Carbohydrate(%) 

Culture Number 

of 

fruiting 
body 

Length 

of stalk 

(cm) 

Diameter 

of stalk 

(cm) 

Length 

of pileus 

(cm) 

Diameter 

of pileus 

(cm) 

Thickness 

of pileus 

(cm) 

Yield per 

packet (g) 

Biological 

Efficiency (%) 

S1 17.12b 1.7c 1.68b 6.83a 7.15a 0.66b 123.75b 55.0b 

S2 

S3 

S4 

22.0a 

11.0c 

20.75a 

1.2d 

2.41a 

2.05b 

0.73c 

1.65b 

2.05a 

5.75c 

6.25b 

6.15b 

6.25c 

6.8b 

6.45c 

0.71a 

0.69a 

0.52c 

133.31a 

109.94c 

121.75b 

59.25a 

48.86c 

54.11b 

CV (%) 7.33 7.18 10.89 2.03 2.18 1.76 3.12 3.12 
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harvest and total days required from pure culture to harvest ranges 10.87 days to 

11.06 days, 20.62 days to 22.37 days, 23.93 days to 25.93 days, 6.81 days to 6.87 

days, 2.93 days to 3.06 days and 65.35 days to 69.12 days respectively (Table 3). 

Table 3. Effect of culture methods on growth contributing characters  

Species Days 

required  for 

pure 

Culture 

Days 

required for   

mother 

culture 

Days required 

for 

Spawn culture 

Days 

required for 

primordial 

initiation 

Days 

required for 

first harvest 

Total days 

required from 

pure culture to 

first harvest 

   

C1 10.87a 20.62b 23.93b 6.87a 3.06a 65.35b    

C2 11.06a 22.37a 25.93a 6.81a 2.93a 69.12a    

CV (%) 7.42 5.39 4.14 8.07 18.18 3.07    

In a column, means followed by a common letter are not significantly different at 5% level by Tukey 

HSD Comparisons Test  

C1= Spore culture and C2= Vegetative Tissue culture 

Effect of culture methods on different yield parameters is shown in Table 4. It was 

found that value of number of fruit body, length of stalk, diameter of stalk, length of 

pileus diameter of pileus, thickness of pileus, yield per packet and biological 

efficiency ranges from 17.37 cm to 18.06 cm 1.80 cm to 1.88 cm, 1.5 cm to 1.56 cm, 

6.16 cm - 6.32cm, 6.55 cm to 677 cm, 0.64 cm to 0.65 cm, 119.91 g to 124.47 g and 

53.92% to 55.31% respectively (Table 4). 

Table 4. Effect of culture methods on yield attributes 

Culture 

method 

Number of 

fruit body 

Length of 

stalk (cm) 

Diameter 

of stalk 

(cm) 

Length 

of pileus 

(cm) 

Diameter 

of pileus 

(cm) 

Thickness 

of pileus 

(cm) 

Yield per 

packet (g) 

Biological 

Efficiency 
(%) 

C1 18.06a 1.88a 1.50a 6.32a 6.77a 0.65a 124.47a 55.31a 

C2 17.37a 1.80a 1.56a 6.16b 6.55b 0.64b 119.91b 53.92b 

CV (%) 7.33 7.18 10.89 2.03 2.18 1.76 3.12 3.12 

In a column, means followed by a common letter are not significantly different at 5% level by Tukey 

HSD Comparisons Test  

C1= Spore culture and C2= Vegetative Tissue culture 

Effect of culture methods on different nutrient parameters is shown in Fig. 2. The 

protein content was higher (23.2%) in C1 which is significant to C2. The rest data 

percentage containing lipid, fiber, ash and carbohydrate ranged from 5.23 to 5.48, 

18.73 to 18.97, 10.16 to 10.39 and 41.97 to 43.06 which do not differ significantly 

with each other. 
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Figure 2. Effect of culture methods on nutrient components 

Interaction effect of oyster mushroom species and culture methods  

Effect on growth attributes:  Combined effect of oyster mushroom species and 

culture methods on different growth attributes are presented in Table 5. which can be 

described as below: 

Days required for pure culture completion: The maximum days (12) required from 

opening to first harvest was observed from the treatment combination of S4C2. The 

minimum days (10) required from opening to first harvest were observed from S2C1 

which was statistically dissimilar to S4C2 (Table 5). 

Days required for mother culture completion: The minimum days (17.0) were 

required to complete mycelium in mother culture was observed from S2C1. The 

maximum days (24.25) was observed from S3C1 which was statistically dissimilar to 

other treatment combinations. 

Days required to complete spawn packet: The minimum days (20.25) required for 

completion of spawn packet was observed from the treatment combination of S2C1 

which was statistically identical to S2C2. The maximum days (28.5) required for 

completion of spawn packet was observed from S3C2 which was statistically 

dissimilar to other treatment combinations. The result is supported by Amin et al. 

(2002) who found that the different oyster mushroom species required 21.69 to 28.4 

days to complete spawn packet.  

Days required for primordial initiation: The highest days (14.5) required from 

cutting spawn packet to pinhead initiation was observed from the treatment 

combination S1C1. The lowest days (3.5) were required from pure culture to first 

harvest was observed in S4C1 which was statistically identical to S4C2. Moonmoon et 
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al. (2012) reported that days required to pinhead initiation for different oyster 

mushroom species was 3.75 days to 12.5 days. 

Days required to first harvest: The minimum days (2.5) were required from 

primordial initiation to first harvest from the treatment combination of S2C1 which 

was statistically similar to all other treatments. 

Total days required from pure culture to harvest: The least days (54.5) required 

from pure culture to first harvest was observed from the treatment combination S2C1 

which was statistically non-significant to S2C2. The highest days (77.75) required 

from pure culture to first harvest was observed from S1C2, which was statistically 

dissimilar to other treatment combinations.    

Table 5.  Interaction effect of different oyster mushroom species and culture types 

on growth attributes  

 

Treatment 
combination 

Days required 

or pure culture 

Day 

required for 

mother 
culture 

Day required      

for spawn 

culture 

Day required    

for 

primordial 
initiation 

Day required                     

for harvest 

Total day 

required from 

pure culture to 
harvest 

S1 C1 10.50ab 21.5ab 24.75b 14.50a 3.00a 74.25ab 

C2 10.75ab 23.0a 26.25ab 14.25a 3.50a 77.75a 

S2 C1 10.25ab 17.00c 20.25c 4.50bc 2.50a 54.50e 

C2 10.00b 18.75bc 22.00c 4.50bc 2.50a 57.50e 

S3 C1 11.50ab 22.50a 25.50b 5.00b 3.25a 67.75cd 

C2 11.50ab 24.25a 28.50a 5.25b 2.50a 72.00bc 

S4 C1 11.25ab 21.50ab 25.25b 3.50c 3.50a 65.00d 

C2 12a 23.5a 27.00ab 3.50c 3.25a 69.25cd 

CV (%) 7.42 5.39 4.14 8.07 18.18 3.07 

In a column, means followed by a common letter are not significantly different at 5% level by Tukey 

HSD Comparisons Test  

S1 = PO-2, S2 = Pop-1, S3= FLO-2, S8 = PO-10, C1= Spore culture and C2= Vegetative Tissue culture 

Number of fruiting body: The number of fruiting body under different treatment 

combinations varied significantly (Table 6). The highest number (23.0) of fruiting 

body was observed from the treatment combination S2C1.The lowest number (10.0) 

of fruit body was observed in S3C1. The findings is supported by Moonmoon et al. 

(2013) reported that number of fruiting body ranged from 7.to 32.50 in PO-2, Pop-1 

and Flo-2. 

Length and diameter of stalk and pilea: The length of stalk ranged from 1.20 cm to 

2.52 cm with significant difference (Table 6). The highest length of stalk (2.52 cm) 

was found in S3C1. The lowest length of stalk was found from the treatment 

combination S2C1 (1.20) and S2C2.The diameter of stalk differed significantly and 
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ranged from 0.7 to 2.1 cm (Table 6). The highest length of pilea (7 cm) was found in 

S1C1 while it was the lowest (5.7 cm) in S2C2. The thickness of pileus in different 

treatment combinations differed significantly and ranged from 0.52 cm to 0.72 cm 

(Table 6). The highest thickness (0.72 cm) was found in S2C1 which was not 

statistically identical to other treatment combinations. The lowest thickness (0.52) 

was found in S4C2.  

Yield per Packet (g): Significant variation was observed in yield under different 

treatment combinations (Table 6). The highest yield (137.25 g) was found in S2C1 

which statistically differed to other treatments. The lowest yield (108.12) was found 

in S3C1. Alam et al. (2007) found that the biological yield of oyster mushroom ranged 

from 120.6 g per packet to 221.8 g per packet in three flushes. 

Biological efficiency (%): Significant variation was observed on biological 

efficiency (BE) (Table 6). The highest biological efficiency (61%) was found in S2C1 

and the lowest biological efficiency (48.05%) was found in S3C1. 

Table 6.  Interaction effect of different oyster mushroom species and culture types 

on yield attributes 

Treatment 

combination 

Number 

of 

fruit 
body 

Length 

of 

stalk (cm) 

Diameter 

of stalk 

(cm) 

Length 

of 

pileus 
(cm) 

Diameter 

of 

pileus 
(cm) 

Thickness 

of 

pileus (cm) 

Yield 

per 

packet (g) 

Biological 

efficiency (%) 

S1 c1 18bc 1.8cd 1.6c 7a 7.3a 0.67cd 128.25abc 57abc 

c2 16.25c 1.6d 1.77abc 6.675b 7ab 0.65d 119.25cd 53cd 

S2 c1 23a 1.2e 0.70d 5.8d 6.3c 0.72a 137.25a 61a 

c2 21ab 1.2e 0.77d 5.7d 6.2c 0.7ab 129.38ab 57.5ab 

S3 c1 10d 2.52a 1.6c 6.2c 6.8b 0.7ab 108.12e 48.05e 

c2 12d 2.3ab 1.7bc 6.3c 6.8b 0.69bc 111.75de 49.66de 

S4 c1 21.25a 2bc 2.1a 6.3c 6.7b 0.53e 124.25bc 55.22bc 

c2 20.25b 2.1bc 2ab 6cd 6.2c 0.52e 119.25cd 53cd 

CV (%) 7.33 7.18 10.89 2.03 2.18 1.76 3.12 3.12 

In a column, means followed by a common letter are not significantly different at 5% level by Tukey 

HSD Comparisons Test  

S1  = PO-2, S2 = Pop-1, S3= Flo-2, S8 =  PO-10, C1=  Spore culture and C2=  Vegetative tissue culture 

Interaction effect of different oyster mushroom species and culture types on 

nutrient status 

Protein percentage was found maximum (24.82%) in S1C1 which was statistically 

significant to other treatments except S1C2 and minimum protein percentage (21.52%) 

was found in S3C2. The Lowest lipid (4.70%) was found in S3C2 and the highest 
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(6.07%) in S1C2. Fiber content was the highest (21.1%) in S3C1, the lowest (17.87%) 

in S4C1 (Fig. 3).   Similarly, the least ash and carbohydrate (9.37% and 40.07%) was 

present in S4C2 and S1C2 respectively whereas the highest percentage (11.17% and 

44.47%) was found in S1C2 and S4C2, respectively.    Alam et al. (2007) found that, the 

protein, lipid, fiber and carbohydrate content in 100 g of dried P. sajor-caju were 

found as 23-26 g, 4.2-4.6 g, 22.-23.6g and 37-41.5 g respectively. 100 g of dried P. 

florida contained 19-22 g of proteins, 4-4.6 g of lipids, 22-24.6 g of fiber and 40-45 g 

of carbohydrates. 

 

 

Figure 3.  Nutrient status of combination of different oyster mushroom species and 

culture types  

CONCLUSION 

From the study it may be concluded that among the species, Pop-1 (S2) performed 

better result in relation to time and yield context. In case of culture method, spore 

culture (C1) required less time for production and provided higher yield. Within all 

treatment combinations, S2C1 required minimum duration and gained the highest 

yield. The highest protein was found from PO-2 (S1) species and from spore culture 

(C1). No significant variation was found between two culture methods in relation to 

nutrient status. 
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ABSTRACT 

Rugose spiraling whitefly, Aleurodicus rugioperculatus Martin 
(Hemiptera: Aleyrodidae) is an invasive pest causing severe damage to 
several plant species. Surveys were conducted in the farmers’ orchards 
of 11 coastal districts of Bangladesh namely Patuakhali, Barguna, 
Barishal, Khulna, Bagherhat, Pirojpur, Jhalokathi, Bhola, Laxmipur, 
Noakhali and Cox’s Bazar to know the host range of rugose spiraling 
whitefly and its incidence and damage in coconut during July 2021 to 
June 2022. Results revealed that a total of 22 plant species from 16 
families were recorded as hosts of A. rugioperculatus. Among the host 
plants 4 hosts were infested by A. rugioperculatus in which all the life 
stages such as egg spirals, nymphs and adults of whitefly were noticed 
whereas in other 18 host plants only the egg stages were observed. The 
highest incidence of whitefly egg spirals, nymphs and adults per leaflet of 
coconut was observed in September 2021 at Bagherhat followed by 
October, November and May 2022  while the lowest was in July 2021 at 
Cox’s  Bazar followed by  June, January, February 2022 and December 
2021. The highest percent (97%) infested tree was recorded in 
Bagherhat district while the lowest percent infested tree (68%)  was in 
Cox’s  Bazar. The highest percent (96.23%) of infested fronds per tree 
were recorded in Bagherhat district and the lowest percent infested 
fronds per tree (67.23%) was in Cox’s Bazar. The highest percent (84%) 
of leaflet area occupied by this insect was recorded in Bagherhat and the 
lowest percent was in Cox’s  Bazar (48%). 

Keywords: Rugose spiraling whitefly, Damage, Host range, Incidence, 

Coconut plants, Coastal areas.  
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INTRODUCTION 

Coconut (Cocos nucifera) is one of the most important palm crop in tropical, 

subtropical and warm temperate climates. It is usually referred as ‘tree of heaven’ or 

‘kalpavriksha’ because it provides more useful and diverse product to the people. 

Coconut is grown in more than 90 countries, mainly in Asia. Pacific Islands and 

South America of the world in an area of 12 million hectares, with an annual 

estimated production of 70 billion nuts (Hoe, 2018). Coconut oil and other products 

are also making a comeback commercially in both natural foods and cosmetic 

industries. Rugose spiraling whitefly (RSW), Aleurodicus rugioperculatus Martin is 

believed to have been originated from Central America and its incidence is limited to 

Belize, Mexico, Guatemala and Florida in Central and North America (Evans, 2008) 

and spread to other coconut growing countries in the Oriental region. It was also a 

serious threat to coconut palm and several other Arecaceae plant species in Florida 

(Stocks and Hodges, 2012; Kumar et al., 2013). The dangerous invasive pest was first 

reported on coconut (Cocos nucifera L.) at Pollachi, Tamil Nadu in India during 

August 2016 (Sundararaj and Selvaraj, 2017).  It is an invasive pest that attacks a 

wide range of host plants including palms, woody ornamentals and fruits. Coconut 

and banana are among the most preferred host plants which are reported by several 

authors (Sundararaj and Selvaraj, 2017; Selvaraj et al., 2019). The occurrence and 

infestation of this pest on coconut leaves is reported for the first time in Bangladesh 

at Regional Agricultural Research Station (RARS), BARI, Jashore during May, 2019. 

After that, up to November 2019, the infestation of this pest was also observed in six 

more districts viz., Magura, Jhenaidah, Kushtia, Pabna, Gopalganj and Faridpur, 

including seven more host plants (Dutta et al., 2019). The production of coconut is 

hampered due to infestation of several insects and mite pest since last four years in 

Bangladesh. Recently this invasive whitefly identified as rugose spiraling whitefly 

(RSW), Aleurodicus rugioperculatus Martin has become a serious threat to coconut 

production in Bangladesh (Ullah et al., 2021).  The insect, which derives its name 

from its egg-laying pattern, is a tiny insect measuring up to 2 mm in length that sucks 

out sap from under the leaves, inducing stress on the host plant from the loss of water 

and nutrients. The honeydew excreted by the fly attracts ants and encourages the 

growth of fungus sooty mould. Although sooty mould is not a plant disease, its 

presence on the upper surface of the leaf can potentially reduce photosynthesis of the 

plant that results in heavy yield loss (Ullah et al., 2021). Occurrence and severe 

infestation of the invasive rugose spiraling whitefly on oil palm (Elaeis guineensis 

Jacq.) in India is also reported for the first time (Selvaraj et al., 2019).  The RSW is 

highly polyphagous with 118 hosts belonging to 43 plant families including 

economically important crops in the United States (Francis et al., 2016). The RSW 

was reported to feed on more than 30 host plants in India and about 120 plant species 

including several economically important horticultural and ornamental crops 

worldwide (Selvaraj et al., 2016; 2017). Subsequently, the pest was reported to feed 

on different horticultural plants such as banana, sapota, mango, guava, custard apple, 
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water apple and many more ornamental plants in Tamil Nadu, Karnataka, Kerala and 

Andhra Pradesh (Sundararaj and Selvaraj, 2017). 

The current incidence of RSW in Bangladesh is alarming due to its polyphagous 

nature and hence it has a great potential to extend its host range. Because of the rapid 

proliferation and easy dispersal of whitefly through wind, they spread to the 

neighbouring garden at faster rate causing serious threat to the economy of the 

coconut growers. The problem has become epidemic in south and south-western parts 

of Bangladesh and extensive damage to coconut has been noticed. However, so far, 

we know it has been reported as invasive pest of the coconut in Bangladesh. Hence 

studying on the host range, incidence and damage of invasive rugose spiralling 

whitefly on coconut in southern coastal regions of Bangladesh is essential.  

MATERIALS AND METHODS 

Survey on host plant range, incidence and damage of invasive rugose spiraling 

whitefly were conducted in the farmers’ coconut orchards of 11 coastal districts 

namely Patuakhali, Barguna, Barishal, Khulna, Bagherhat, Pirojpur, Jhalokathi, 

Bhola, Laxmipur, Noakhali and Cox’s  Bazar districts of Bangladesh from July 2021 

to June 2022. A total 22 upazila taking two from each district were selected as study 

sites for survey. Fifty (50) coconut trees from each upazila comprising 1100 trees 

were selected randomly for taking data and calculated the percentage of infested trees 

and percentage of frond infestation per tree. Data were recorded through observation 

of individual coconut tree in each location. The number of healthy and infested 

coconut trees were counted in each location. The number of healthy and infested 

fronds per tree of 10 randomly selected coconut trees was also recorded. To study the 

intensity of damage of A. rugioperculatus was formulated based on the percent 

intensity of damage as follows:   

                         No of plants infested  

Tree infestation (%) per location=_______________________ × 100 

                        Total no of plant observed 

                                                     No of fronds in infested tree 

Frond infestation (%) per tree =_______________________________ × 100 

                  Total no of fronds observed in each tree 

Five (5) trees out of 50 from each upazila were randomly selected for observations of 

whitely incidence per 5 leaflets per frond of coconut tree were assessed through 

counts of egg spirals, nymphs and adults. The per cent leaflet area occupied by RSW 

populations (egg spirals, nymphs and adults) was measured by eye estimation. MS 

excel program was used to represent data graphically.  
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RESULTS AND DISCUSSION 

Host range of rugose spiraling whitefly, A. rugioperculatus 

In the present study, a total of 22 plant species from 16 families were recorded as 

hosts of A. rugioperculatus. Among the host plants 4 hosts were infested by A. 

rugioperculatus in which all the life stages such as egg spirals, nymphs and adults of 

whitefly were noticed whereas in other 18 host plants only the egg stages were 

observed and documented of which 2 host plants were not identified (Table 1 and 

Plate 1)). In host ranges, coconut and banana plant species were highly infested by A. 

rugioperculatus. The findings of the present study indicated that among all host 

plants, coconut was found to be the most preferable hosts followed by banana which 

is similar to the results of Elango et al. (2019) where they reported that, among all 

host plants coconut and banana were the most preferable hosts to RSW. Jethva et al. 

(2020) stated that this invasive pest is first time observed on Sapota, Mango, Banana, 

Custard Apple, Guava, Curry tree, Papaya, White wax jambu, Indian Almond, 

Sorghum and Groundnut in Gujarat state. A total of 17 plant species under 11 

families were recorded as preferred hosts of A. rugioperculatus at Kerala (Shanas et 

al., 2016). Mayer et al. (2010) observed that it mainly infested coconut palms and 

other broad-leaved hosts in its native range. RSW is an invasive pest and being a 

recent introduction, is still on the process of adapting and establishing on various 

native plants/trees in Bangladesh. Hence, the species was observed on lesser number 

of host plants in Bangladesh compared to many other countries where this was 

established earlier. The host range is likely to expand as the species becomes more 

established and spread to newer areas in Bangladesh.  

Table 1.  Host ranges of rugose spiraling whitefly  

A. Hosts in which all life stages of rugose spiraling whitefly observed 

Sl. No. Common Name Botanical Name Family 

1 Coconut Cucos nucifera L. Arecaceae 

2 Banana Musa paradisiaca L. Musaceae 

3 Areca nut Areca catechu Arecaceae 

4 Guava Psidium guajava L. Myrtaceae 

B. Hosts subjected to oviposition by rugose spiraling whitefly  

Sl. No. Common Name Botanical Name Family 

1 Hog plum Spondias mombin Anacardiaceae 

2 Custard apple Annona reticulata Annonaceae 

3 Jackfruit Artocarpus heterophyllus L. Moraceae 

4 Balckberry Rubus fruticosus Rosaceae 

5 Mahogany Swietenia macrophylla Meliaceae 
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6 Rangan/Ixora Ixora coccinea Rubiaceae 

7 Orange jessamine  Murraya paniculata Rutaceae 

8 Mango Mangifera indica L. Anacardiaceae 

9 Water apple Syzygium samarangense Myrtaceae 

10 Hedge bamboo Phyllostachys glauca Poaceae 

11 Keya plant Pandanus tectorius  Pandanaceae 

12 China rose Hibiscus rosasinensis L. Malvaceae 

13 Brinjal Solanum melongena Solanaceae 

14 Garden croton Codiaeum verigatum (L.)  Euphorbiaceae 

15 Croton Codiaeum verigatum (L.)  Euphorbiaceae 

16 Bakul/Spanish cherry Mimusops elengi L. Sapotaceae 

17 Unknown   

18 Unknown   

     

                          Coconut                                                         Banana 

         

                  Betel nut                                                              Guava 
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                  Hogplum                                                            Custard apple 

   

           Jackfruit                                 Black berry                              Mahogany                   

    

                Rangan                          Orange jessamine                          Mango 
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Water apple                                                 Bamboo 

   

                                                               Keya plant 

        

Different kinds of Croton 
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                         Bakul                                                 China rose/Hibiscus 

       

                          Unknown host                                              Unknown 

Plate 1. Photographs of different host plants infested by rugose spiraling whitefly 

Incidence of rugose spiraling whitefly on coconut tree 

The incidence of rugose spiraling whitefly population per leaflet of coconut tree on 

different months of observations is shown in Fig. 1 and Plate 2 (A-C). The incidence 

of rugose spiraling whitefly egg spirals per leaflet was high in September 2021 

followed by October, November and May 2022,  while the low in July 2021 followed 

by June, January, February 2022 and December 2021. The number egg spiral/leaflet 

gradually decrease from December 2021 to February 2022. Similar trends were also 
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observed in case of nymph and adult per leaflet of coconut tree during July 2021 to 

June 2022. The incidence of whiteflies gradually increased with increasing 

temperatue and time, but decreasing with increasing of rainfall during June, July and 

August and cooler weather during December, January and February.  

 

Figure 1.  Incidence of rugose spiraling whiteflies (Aleurodicus rugioperculatus) per 

leaflet of Coconut tree during July 2021 to June 2022  

 

         

                                A                                             B                              C 

Plate 2. Photograph of incidence showing egg spirals (A), nymphs (B) and adult 

stage  (C)  of rugose spiraling whitefly 
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Damage severity of rugose spiraling whiteflies  

Percentage of coconut tree infestation by rugose spiraling whitefly: The 

percentage of tree infestation by rugose spiraling whiteflies in 11 coastal districts of 

Bangladesh is presented in Fig. 2 and Plate 3 C, E. The percentage of tree infestation 

in different locations ranged from 68% to 97%.  The highest percent (97%) of 

infested plants was recorded in Bagherhat district  followed by Noakhali (96%), 

Khulna (94%), Bhola (93%) and Barguna (92%) while the lowest percent was 

recorded in Cox’s  Bazar (68%) followed by Jhalokathi (77%), Pirojpur (78%), 

Patuakhali (84%) Laxmipur (86%) and Barishal (89%).    

 

Figure 2.  Mean percentage of plant infestation by rugose spiraling whitefly in seven 

coastal districts  

Percentage of infested fronds per coconut tree  

Fig. 3 showed the percentage of infested fronds per coconut tree by rugose spiraling 

whiteflies among 11 coastal districts. The highest percent (96.23%) infested fronds 

per tree was recorded in Bagherhat district  followed by Noakhali (95.83%), Barguna 

(94.55%), Khulna (94.44%) and Bhola (94.30%) while the lowest percent was 

recorded in Cox’s  Bazar (67.23%) followed by Jhalokathi (75.45%), Barishal 

(85.50%), Pirojpur (86.12%),  Patuakhali (88.81%) and Laxmipur (90.91%) (Plate 3, 

C-E).  
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Figure 3.  Mean percentage of infested fronds per coconut tree by rugose spiraling 

whitefly in seven coastal districts  

Percentage of leaflet area covered by rugose spiraling whitefly colonies: The 

most noticeable symptoms of an infestation of the rugose spiraling whitefly is the 

abundance of the white, waxy materials and also excessive sooty mould covering the 

leaves or leaflet. The highest percent (84%) leaflet area covered by this insect was 

recorded in Bagherhat district  followed by Khulna (78%), Noakhali (75%), Bhola 

(72%) and Barguna (70%) while the lowest percent was recorded in Cox’s  Bazar 

(48%) followed by Jhalokathi (50%), Patuakhali (55%) Laxmipur (62%), Pirojpur 

(65%) and Barishal (67%) (Fig. 4 and Plate 3 A,B,C,D,E,F). 

 

Figure 4.  Percentage of leaflet area covered by rugose spiraling whitefly in seven 

coastal districts  
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                                            A                                              B 

 

                                       C                                                       D 

     

                                           E                                                 F 

Plate 3 (A-F): Damage symptoms on coconut plants caused by rugose spiraling 

whitefly 

In present study, the percentage of tree infestation in different locations ranged from 

84% to 97% which is supported by Kityo et al. (2017) who reported up to 100% 

coconut tree infestation in different districts of Mozambique. Elango et al. (2019) 
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studied the intensity of damage by A. rugioperculatus on coconut in several districts 

of Tamil Nadu, India. The rugose spiralling whitefly incidence was high in 

Coimbatore (62.86%) district followed by Tiruppur (56.06%) and Erode (54.43%).  

Dutta et al. (2019) reported that the percent coconut tree infestation by RSW in 

different locations which ranged from 46.66-68.33%. The highest infestation 

(68.33%) was recorded from Magura Sadar (68.33%) followed by Jashore Sadar 

(63.33%), while the lowest was recorded in Isurdi, Pabna (46.66%). The severity of 

infestation ranged between 40-60% on coconut in India (Rao et al. 2018). Kumar et 

al. (2013) reported that this pest caused a great deal of concern in southern coastal 

counties in previous years. Rugose spiraling whitefly is a phloem feeder and excretes 

large quantities of honeydew, which covers anything under the infested plant. Thick 

layers of sooty mould rapidly develop which is unsightly, disrupts normal leaf 

physiology, and exacerbates the nuisance condition. The type and level of damage 

vary by plant species and plant condition, and although this whitefly does not kill 

large or healthy trees, smaller or unhealthy plants might succumb to very high 

infestation levels (Mayer et al., 2010; Ullah et al., 2021). Heavy infestation of rugose 

spiraling whitefly and secondary infection of sooty mould were observed in coconut 

trees as well as other horticultural crops and ornamental plants nearby coconut trees.  

Almost all the leaves of coconut, banana and other host plants nearby were brownish-

black in appearance due to severe growth of sooty mould (Pathak, 2019). 

CONCLUSION 

A total of 22 host plants were infested by rugose spiraling whitefly in coastal districts 

of Bangladesh where coconut and banana were the most preferred hosts. The highest 

incidence was observed in September and lowest in July.  The highest percentage of 

tree, fronds and leaflet area damage was recorded in Bagherhat and the lowest in 

Cox’s Bazar.   
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Abstract 

In Bangladesh, potato (Solanum tuberosum L.) lacks optimum quality for 
export or processing industries. Optimum utilization of specific plant 
nutrients can improve quality. The experiment was conducted to evaluate 
the best dose(s) of phosphorus in combination with potassium sources 
as they affect potato tuber quality. The experiment consisted the factors: 
phosphorus dose(4); P1 = 200 kg ha

-1
 TSP @ 42.55 kg ha

-1 
P; P2 = 220 

kg ha
-1

 TSP @ 46.81 kg ha
-1

 P, P3 = 240 kg ha
-1

 TSP @ 51.06 kg ha
-1

 P 
and P4 = 260 kg ha

-1
 TSP @ 55.32 kg ha

-1
 P, and potassium sources (3); 

K1= KCl (250 kg ha
-1

 KCl @130 kg ha
-1

 K), K2 = KH2PO4 (452.19 kg ha
-1

 
KH2PO4 @130 kg ha

-1
 K) and K3 = K2SO4 (288.6 kg ha

-1
 K2SO4 @130 kg 

ha
-1

 K). The interaction of phosphorus doses and potassium sources 
affected most parameters studied. The highest yield (35.35 t ha

-1
), caned 

(10.35 t ha
-1

), chips (28.06 t ha
-1

), and French fry (0.367 t ha
-1

) were from 
P3K2, P4K2, P3K2, P3K1 respectively; the lowest yield (30.90 t ha

-1
), caned 

(5.59 t ha
-1

) and chips (20.01 t ha
-1

) were from P1K3, P4K1, P1K3 
respectively. The highest dry matter (22.85%), starch (17.936%), 
antioxidant (630.12 Trolox µMol/100 g FW), and polyphenol (92.994 GA 
mg/100 g FW) were from P1K3; the lowest reducing sugar (0.1713 mg g

-1 

FW) and non-reducing sugar (0.3290 mg g
-1 

FW) were from P1K3. It 
appeared that 200 kg ha

-1
 TSP @ 42.55 kg ha

-1
 P as a dose of 

phosphorus and K2SO4 as sources of potassium may be a suitable 
combination to produce export and processing quality potato. 

Keywords: Chips, Dry matter, French fries, Potato, Processing quality, 

Specific gravity. 
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INTRODUCTION 

Potato (Solanum tuberosum L.) is rich in carbohydrates, minerals and contains a large 

amount of high-quality proteins, vitamin C, and minerals (Brown, 2005). Potato is a 

short-cycle crop and has high production capacity compared to other crops; it is 

highly influenced by the application of various nutrients to the soil (Luz et al., 2013). 

Research had conducted to study the effects of type, rates, and forms of fertilizers on 

potato tuber yields and quality (Zorb et al., 2014). High rates of phosphate fertilizers 

are applied in its cultivation for larger tubers and higher tuber yield (Luz et al., 2013). 

Phosphorus affects tuber size and dry matter percent (indicated by specific gravity) 

(Dyson and Watson, 1971; Freeman et al., 1998; Rosen et al., 2014). Physical and 

chemical characteristics, and nutritional composition of potato tubers, may vary 

depending on cultivar, plant maturity, availability of nutrients in the soil, fertilization 

process, and climate (Rosen et al., 2014). Phosphorus fertilization increases 

concentrations of ascorbic acid, nitrogen, and protein in tubers (Klein et al., 1980). 

To increase the specific gravity of tubers, phosphorus fertilization can change the 

texture, color, and flavor of cooked tubers (Sheard and Johnston, 1958). There is little 

information on the effect of phosphorus on the nutritional composition of potato 

tubers (Rosen et al., 2014). 

Potassium influences the quantity and quality of potatoes (Lakshmi et al., 2012) 

through enzyme activation, stomatal conductance, photosynthesis, protein synthesis, 

and transport of sugars and starch (Werij et al., 2007). Potassium chloride (KCl), 

potassium sulfate (K2SO4), monopotassium phosphate (KH2PO4), potassium nitrate 

(KNO3), and potassium silicate (K2O∙4SiO2) are used as plant fertilizers (Magen, 

2004). Potassium silicate (K2O∙4SiO2) improved the growth and yield of plants (Ali 

et al., 2021). The quality and chemical composition of potato tubers are influenced by 

genetics, soil fertility, applied nutrients, and weather (Rytel et al., 2013). Potassium 

affects dry matter percent, increases ascorbic acid content, decreases reducing sugars, 

phenol contents, and enzymatic degradation (Werij et al., 2007). Potato quality 

improvement is key for exporting potatoes to overseas markets (Pandey et al., 2000). 

The study was conducted to examine the effects of different phosphorus doses and 

potassium sources on the quality of potatoes. 

MATERIALS AND METHODS 

The experiment was conducted from November 2019 to February 2020 at the 

Agronomy research field of Sher-e-Bangla Agricultural University (SAU), 

Bangladesh. The experimental field belongs to the Agroecological zone (AEZ) of the 

Modhupur Tract, AEZ-28. The experimental area was located in the subtropical 

monsoon climatic zone, with winter from November to February. Extensive sunshine 

and moderately low temperature prevail during this period, which is suitable for 

potato growing in Bangladesh (Anonymous, 2020). The site has available irrigation 
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and drainage facilities and is situated above flood level. The soil was composed of 

26% sand, 43% silt, and 31% clay, having a sandy loam texture with organic matter 

at 1.15%. The experiment consisted dose of four phosphorus doses (P1 = 200 kg ha
-1 

TSP @ 42.55 kg ha
-1

 P, P2 = 220 kg ha
-1 

TSP @ 46.81 kg ha
-1

 P, P3 = 240 kg ha
-1 

TSP 

@ 51.06 kg ha
-1

 P and P4 = 260 kg ha
-1 

TSP @ 55.32 kg ha
-1

 P), and three potassium 

sources (K1 = KCl (250 kg ha
-1

 KCl @ 130 kg ha
-1

 K), K2= KH2PO4 (452.19 kg ha
-1

 

KH2PO4 @130 kg ha
-1

 K) and K3 = K2SO4 (288.6 kg ha
-1

 K2SO4 @ 130 kg ha
-1

 K). 

The experiment was arranged in a two-factorial split-plot design with three 

replications. The total area was 300 m
2
, with a length of 24 m and a width of 11.33 

m. The phosphorus treatments were assigned in the main plot, and sources of 

potassium were in the subplot. There were 36 plots, each 2.6 m × 1.2 m. The distance 

between blocks and plots was 1.5 m and 0.8 m, respectively. Potato seed BARI alu-

29 (‘Courage’) was collected from Bangladesh Agricultural Research Institute 

(BARI), Joydebpur, Gazipur. Manure and fertilizer were applied to the experimental 

plots at the recommended rates (Anonymous, 2017). 

Haulm cutting was done at 85 DAP (days after planting) when 60-70% of plants 

showed senescence and tops started drying. After haulm cutting, tubers were kept in 

the soil for seven days for skin hardening and then harvested by hand. Potatoes from 

each plot were separately harvested, bagged, tagged, and brought to the laboratory. 

Data was taken on processing quality: dry matter content, specific gravity, total 

soluble solid, starch, reducing sugar, non-reducing sugar, antioxidant, and polyphenol 

content. The data were statistically analyzed using analysis of variance with Statistix 

(ver. 10, Analytical Software, Tallahassee, FL), and the means were separated by the 

least significant difference (Gomez and Gomez, 1984). Correlations were calculated 

on the basis of combined effect data from different parameters. 

RESULTS AND DISCUSSION 

Significant variation was found in the case of the yield of potato due to the combined 

effect of different doses of phosphorus and sources of potassium. The maximum 

yield of potato was found from P3K2 and P4K2 treatment combination; and the 

minimum was recorded from P1K1 (Table 1). In the aspect of canned, 25-35 mm, 

different combination of phosphorus dose and different sources of potassium was 

found statistically significant. For Canned potato, the highest was observed from 

P4K2, whereas the lowest was recorded from P4K1, P4K3, P4K1, P3K3, P3K2, P2K2, and 

P1K1 (Table 1).  
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Table 1.  Interaction
a 

effects of phosphorus and source of potassium on yield and 

category of tubers based on uses in potato tubers 

Treatments Yield 

Category of tubers based on uses 

Caned (25-45 

mm) 

Chips (45-75 

mm) 

French Fry 

(>75 mm) 

Phosphorus dose 

P1 30.30 c 7.35 a 22.94 c 0.00 d 

P2 31.12 b 6.50 b 24.43 b 0.167 b 

P3 32.88 a 6.15 c 26.39 a 0.341 a 

P4 30.47 c 7.22 a 23.14 bc 0.099 c 

LSD (0.05) 0.425 0.315 1.380 0.012 

Level of significance ** ** ** ** 

CV (%) 2.18 4.01 4.94 7.09 

Potassium source 

K1 31.39 b 6.26 c 24.98 a 0.152 

K2 32.43 a 7.38 a 24.90 a 0.153 

K3 29.75 c 6.79 b 22.81 b 0.151 

LSD (0.05) 0.181 0.476 1.908 - 

Level of significance ** ** * NS 

CV (%) 3.67 8.08 9.10 - 

Interaction 

P1K1 31.76 f 6.22c-f 24.19 bc 0.000 d 

P1K2 33.03 de 6.93 c 24.63 bc 0.000 d 

P1K3 30.90 g 8.91 b 20.01 d 0.000 d 

P2K1 32.67 e 6.66cd 24.66abc 0.240 c 

P2K2 34.00 bc 6.42c-f 25.68ab 0.260 c 

P2K3 32.69 e 6.44cde 22.97bcd 0.000 d 

P3K1 34.07 b 6.56cde 26.17ab 0.367 a 

P3K2 35.35 a 5.80ef 28.06 a 0.350 a 

P3K3 33.45 cd 6.08def 24.94ab 0.307 b 

P4K1 33.04 de 5.59 f 24.90abc 0.000 d 

P4K2 34.82 a 10.35 a 21.23cd 0.000 d 

P4K3 32.61 e 5.73ef 23.31bcd 0.297 b 
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Treatments Yield 

Category of tubers based on uses 

Caned (25-45 

mm) 

Chips (45-75 

mm) 

French Fry 

(>75 mm) 

LSD (0.05) 0.662 0.838 3.403 0.031 

Significance level * ** * ** 

CV (%) 4.07 8.08 9.10 13.28 

a data in the interaction analyzed with Least Squares Means and means separated with Least Significant 

Differences. 

b P1 = 200 kg ha-1 TSP @ 42.55 kg ha-1 P, P2 = 220 kg ha-1 TSP @ 46.81 kg ha-1 P, P3 = 240 kg ha-1 TSP 

@ 51.06 kg ha-1 P, and P4 = 260 kg ha-1 TSP @ 55.32 kg ha-1 P; K1 = KCl (250 kg ha-1 KCl @130 kg 

ha-1 K), K2 = KH2PO4 (452.19 kg ha-1 KH2PO4 @130 kg ha-1 K), and K3 = K2SO4 (288.6 kg ha-1 K2SO4 

@130 kg ha-1 K). 

c Values in a column followed by the same letter are not statistically different, p<0.05. 

In an aspect of Chips, 45-75 mm, different combination of Phosphorus dose and 

different sources of potassium was found statistically significant. For Chips potato, 

the highest was observed from P3K2, P2K1, P2K2, P3K1, P3K3, and P4K1 treatment 

combination, whereas the lowest was recorded from P1K3, P2K3, P4K2, and P4K3 

(Table 1). In the aspect of French fry, >75 mm, different combination of phosphorus 

doses and different sources of Potassium was found statistically significant. For 

French fry potato, the highest was observed from P3K1, P3K2 whereas the lowest was 

recorded from P1K1, P1K2, P1K3, P2K3, P4K1, and P4K2 (Table 1).  

Dry matter content was affected by phosphorus dose, not by potassium source, but 

the interaction was significant. The highest dry matter content in potato tubers was 

from P1K3, P1K1, P1K2, P1K2, P2K1, P2K2, P2K3, P3K1, and P3K3 treatment 

combination, and the lowest was recorded from P4K3 (Table 2).  

Table 2. Interaction
a 

effects of phosphorus and source of potassium on dry matter 

contents, total soluble solid (TSS) and starch in potato tubers 

Treatments 
Dry matter 

content (%) 

Specific 

gravity 

(g/cc) 

Total soluble 

solids TSS 

(ºBrix) 

Starch (%) 

Phosphorus dose 

P1 22.19 a 1.0798 3.97 d 17.075 a 

P2 21.59 ab 1.0679 4.27 c 15.024 b 

P3 21.19 b 1.0655 4.70 b 15.579 b 

P4 18.72 c 1.0556 4.93 a 12.579 c 

LSD (0.05) 0.962 - 0.122 0.8660 
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Treatments 
Dry matter 

content (%) 

Specific 

gravity 

(g/cc) 

Total soluble 

solids TSS 

(ºBrix) 

Starch (%) 

Level of significance ** NS ** ** 

CV (%) 3.98 2.74 2.36 4.98 

Potassium source 

K1 21.00 1.0688 4.45 b 14.875 b 

K2 20.67 1.0519 4.65 a 14.333 b 

K3 21.10 1.0808 4.30 b 15.985 a 

LSD (0.05) - - 0.175 1.0175 

Level of significance NS NS ** * 

CV (%) - - 3.44 7.80 

Interaction 

P1K1
b
 22.15ab 1.0829 3.90 e 16.834 a 

P1K2 21.58abc 1.0566 4.10 de 16.455 a 

P1K3 22.85 a 1.0998 3.90 e 17.936 a 

P2K1 21.55abc 1.0693 4.30cd 14.432bcd 

P2K2 20.98a-d 1.0525 4.60 bc 14.473bcd 

P2K3 22.25ab 1.0819 3.90 e 16.167ab 

P3K1 21.15a-d 1.0654 4.70 b 16.098abc 

P3K2 20.58bcd 1.0513 4.80ab 14.167cd 

P3K3 21.85ab 1.0797 4.60 bc 16.473 a 

P4K1 19.15 de 1.0578 4.90ab 12.136 e 

P4K2 19.55cde 1.0474 5.10 a 12.238 e 

P4K3 17.45 e 1.0617 4.80ab 13.363 de 

LSD (0.05) 2.196 - 0.310 1.8707 

Level of significance * NS * * 

CV (%) 6.69 - 4.52 7.80 

a data in the interaction analyzed with Least Squares Means and means separated with Least Significant 

Differences. 

bP1 =200 kg ha-1 TSP @ 42.55 kg ha-1 P, P2 =220 kg ha-1 TSP @ 46.81 kg ha-1 P, P3 =240 kg ha-1 TSP 

@ 51.06 kg ha-1 P,and P4 =260 kg ha-1 TSP @ 55.32 kg ha-1 P; K1 = KCl (250 kg ha-1 KCl @130 kgha-1 

K), K2 = KH2PO4 (452.19 kg ha-1 KH2PO4 @130 kg ha-1 K), and K3 = K2SO4 (288.6 kg ha-1 K2SO4 

@130 kg ha-1 K). 

c Values in a column followed by the same letter are not statistically different, p<0.05. 
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Phosphorus dose and potassium source, and the interaction, were not significant for 

specific gravity. The average specific gravity of the potato was found 1.067 gcm
-3

. 

Phosphorus dose, potassium source, and the interaction affected total soluble solids 

(Table 2). The highest TSS in potato tubers was from P4K2, P3K2, P4K1, and P4K3 

combinations, and the lowest was recorded from P1K1, P1K2, P1K3 and P2K3 (Table 

2). Phosphorus dose, potassium source, and the interaction affected starch content. 

The highest starch content in potato tubers was from P1K3, P1K1, P1K2, P2K3, P3K1, 

and P3K3; the lowest was from P4K1, P4K2, and P4K3 (Table 2).  

Phosphorus dose, potassium source, and the interaction affected reducing sugar 

content. The highest reducing sugar content in potato tubers was recorded from P4K1 

and P4K2; the lowest was from P1K3, P3K1, P1K1, P1K2, and P2K3 (Table 3). 

Phosphorus dose, potassium source, and the interaction affected reducing sugar 

content. The highest non-reducing sugar content in potato tubers was from P4K1and 

P4K2; the lowest was from P1K3, P1K1, P1K2, and P2K3 (Table 3). Phosphorus dose, 

potassium source, and the interaction affected antioxidants. The highest antioxidant 

content in potato tubers was recorded from P1K3, P1K2, and P3K1; the lowest was 

from P4K1, P2K1, P2K2, P4K2, and P4K3 (Table 3). Phosphorus dose, potassium source, 

and the interaction affected polyphenols. The highest polyphenol content in potato 

tubers was from P1K3, P1K1, P2K1, P2K3, P3K1, and P3K3; the lowest was from P4K2, 

P2K2, P3K2, and P4K1 (Table 3). 

Table 3. Interaction
a 

effects of phosphorus and source of potassium on reducing 

sugar, non-reducing sugar, antioxidant and polyphenol in potato tubers 

Treatments 

Reducing 

sugar (mg g
-1 

FW) 

Non-reducing 

sugar (mg g
-1 

FW) 

Antioxidant 

(Trolox µMol 

100g
-1

 FW) 

Polyphenol 

(GA mg 100g
-

1
 FW) 

Phosphorus dose 

P1 0.1745 c 0.3333 d 601.17 a 84.137 a 

P2 0.1885 b 0.3534 c 522.17 c 79.468 ab 

P3 0.1875 b 0.3814 b 569.21 b 76.800 b 

P4 0.3482 a 0.5348 a 497.06 d 68.135 c 

LSD (0.05) 0.0050 0.0126 17.736 6.6142 

Level of significance ** ** ** * 

CV (%) 1.96 2.74 2.81 7.43 

Potassium source 

K1 0.2267 a 0.4176 a 541.42 b 79.271 a 

K2 0.2307 a 0.3990 b 532.92 b 66.891 b 

K3 0.2166 b 0.3855 b 567.87 a 85.243 a 

LSD (0.05) 0.0071 0.0163 21.798 6.5815 
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Treatments 

Reducing 

sugar (mg g
-1 

FW) 

Non-reducing 

sugar (mg g
-1 

FW) 

Antioxidant 

(Trolox µMol 

100g
-1

 FW) 

Polyphenol 

(GA mg 100g
-

1
 FW) 

Level of significance ** ** * ** 

CV (%) 3.66 4.70 4.60 9.86 

Interaction 

P1K1
b
 0.1788 ef 0.3399 efg 582.25 b 85.774 abc 

P1K2 0.1735 ef 0.3310f g 591.14 ab 73.642 cde 

P1K3 0.1713 f 0.3290 g 630.12 a 92.994 a 

P2K1 0.1998 c 0.3655 de 512.25 cde 80.771a-d 

P2K2 0.1933 cd 0.3590 def 513.14 cde 69.639 def 

P2K3 0.1723 ef 0.3358 efg 541.12 c 87.995 ab 

P3K1 0.1725 ef 0.4041 c 592.25 ab 80.767 a-d 

P3K2 0.2055 c 0.3749cd 526.25 cd 65.640 ef 

P3K3 0.1845 de 0.3651 de 589.12 b 83.992 abc 

P4K1 0.3558 a 0.5610 a 478.92 e 69.772 def 

P4K2 0.3505 ab 0.5312 ab 501.14 de 58.641 f 

P4K3 0.3383 b 0.5121 b 511.12 cde 75.993 b-e 

LSD (0.05) 0.0127 0.0294 39.711 12.596 

Level of significance ** * * * 

CV (%) 3.66 4.70 4.60 9.86 

a data in the interaction analyzed with Least Squares Means and means separated with Least Significant 

Differences. 

b P1 = 200 kg ha-1 TSP @ 42.55 kg ha-1 P, P2 = 220 kg ha-1 TSP @ 46.81 kg ha-1 P, P3 = 240 kg ha-1 TSP 

@ 51.06 kg ha-1 P, and P4 = 260 kg ha-1 TSP @ 55.32 kg ha-1 P; K1 = KCl (250 kg ha-1 KCl @130 kg 

ha-1 K), K2 = KH2PO4 (452.19 kg ha-1 KH2PO4 @130 kg ha-1 K), and K3 = K2SO4 (288.6 kg ha-1 K2SO4 

@130 kg ha-1 K). 

c Values in a column followed by the same letter are not statistically different, p<0.05. 

Phosphorus is an important nutrient to increase potato yield (Rozo and Nustez, 2011). 

Potato yield was increased with the increase of Phosphorus dose up to P3 and 

thereafter decreased. Among the potassium sources, K2 gave the maximum potato 

yield because it provided extra phosphorus nutrients in the soil. Dry matter content is 

an important factor for processing quality. Different processed potato products 

require different dry matter content. For canned (<18%), French fry (>20%), 

dehydrated (>20%), and chips (>20%), specific gravity are required. Higher dry 

matter content is required for good quality chip and French fry items because higher 

dry matter reduces oil absorption and increases the crispy texture of the product 

(Marwaha et al., 2010). Ozturk et al. (2010) reported dry matter of potatoes decreased 
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with the increase in phosphorus dose. Sharma and Sud (2001) reported potassium 

source does not have a significant effect on the dry matter content of the potato. 

Specific gravity is an important factor for processing quality (Gunadi, 2009). 

Different processed potato products require different specific gravity. For canned 

(<1.07 g cm
-3), french fried (1.08 g cm

-3), dehydrated (1.08 g cm
-3), chips (>1.08 g 

cm
-3), specific gravity is required (Marwaha et al., 2010). Specific gravity of the 

potato did not respond to the interaction of phosphorus dose and potassium source, 

which was also reported by Rozo and Nustez (2011). Ozturk et al. (2010) reported 

starch content of potato tuber decreased with the increase of phosphorus. Reducing 

sugar is an essential factor for processing quality, especially for fried products. 

Higher reducing sugar increases dark color and bitter taste during frying. For good 

quality fry items, low reducing sugar (<0.1%) based on a fresh weight basis is 

recommended (Marwaha et al., 2010). Non-reducing sugar increased with the 

increase in phosphorus level (Rozo and Ñústez, 2011). Antioxidants and polyphenols 

were decreased with the increase in phosphorus level (Rozo and Nustez, 2011). 

 

Figure 1.  Linear relationships between a) specific gravity and dry matter content of potato 

tuber, b) non-reducing sugar content and starch of potato tuber, c) starch and dry 

matter content of potato tuber, d) starch and total soluble solid of potato tuber, e) 

reducing sugar content and starch of potato tuber and f) non-reducing sugar content 

and reducing sugar content of potato tuber. 
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A strong positive linear relationship occurred between specific gravity and dry matter 

content of potato tuber (Fig. 1a), as previously reported by Ferdous et al. (2020). A 

strong negative linear relationship occurred between non-reducing sugar content and 

starch content of potato tuber (Fig. 1b), as previously reported by Braun et al. (2016). 

Starch is an important component of dry matter content. A strong positive linear 

relationship occurred between starch and dry matter content of potato tuber (Fig. 1c), as 

previously reported by Abebe et al. (2012). A strong negative linear relationship 

occurred between starch and the total soluble solid of potato tuber (Fig. 1d), as 

previously reported by Abbas et al. (2011). A strong positive linear relationship 

occurred between reducing sugar content and starch of potato tuber (Fig. 1e), as 

previously reported by Mostofa et al. (2019). A strong positive linear relationship 

occurred between the non-reducing and reducing sugar content of potato tuber (Fig. 1f), 

as previously reported by Braun et al. (2016) and Ferdous et al. (2019). 

CONCLUSION 

In this research, we found different combinations (P3K2 and P4K2) of phosphorus 

dose and potassium source gave maximum potato yield. But in consideration of 

potato quality, 200 kg ha
-1

 TSP @ 42.55 kg ha
-1

 P and 288.6 kg ha
-1

 K2SO4 @ 130 kg 

ha
-1

 K gave the best processing quality potato, which can be used to produce potato 

that meets export requirements. 
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ABSTRACT 

Paddy tracts of Nilwala basin has been affected by the implementation of 
Nilwala Flood Protection and Drainage Project in 1979 due to excessive 
drainage, and nearly 7000 acres of land is abandoned. The water table 
goes down to the level of 50 cm below soil surface during dry periods 
and soil pH falls to 3-4 causing acid sulphate condition. Hitherto several 
efforts have been made to ameliorate the paddy lands but no economical 
solution is obtained. The National Science Foundation project to find out 
the feasibility of using natural hydraulic forces to increase water table to 
keep the acid sulphate forming minerals at bay and to cultivate rice in 
these paddy lands. Water table fluctuation in relation to water level in the 
drainage channel was studied over one year and there was found a very 
high correlation (r

2
=0.985) indicating a possibility of increasing water 

table by heading up water in the channel. Simulated pot experiment 
showed that increasing water table to 15 cm below soil surface allows 
rice to grow effectively, showing plant survival of 112 (53%) compared to 
28 (15%) plants in control. Recorded plant height of Bg. 357 variety was 
35 cm compared to 22 cm in different treatments and control, 
respectively. Soil pH also increased to a value closer to 6.0 in the 
treatment which is conducive for rice cultivation.  However, the low 
values of plant survival and plant heights were due to unusual extreme 
low rainfall in 2020/21 Maha season compared to 10 years’ average.  

Keywords: Jarosite, Natural hydraulic forces, Pyrite oxidation, Rice 

cultivation, Water table.  

INTRODUCTION 

Nilwala River, the major river in Matara District of Southern Sri Lanka, originates at 

an altitude of 1,050 m and traversing about 70 km to discharge to Indian Ocean at 

Matara (Abhayaratna, 1996). Often inundation of the river disturbs the human 
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activities creating a chain of socio-economic problems (Delpachitra,1996; 

Panabokke, 1996; Weerasinghe, 1996; Weerasinghe, et al., 2000; 2015). The Nilwala 

basin is situated in the wet zone of the country and nearly 90 percent of the area 

covered by catchment of the river is in Matara District with a paddy area of about 

16,000 acres (Abhayaratna, 1996; Fernanda and Suranganie 2009). Frequent flash 

floods in Nilwala basin are a common occurrence and an effort is taken to mitigate 

the problem by implementation of Nilwala Flood Protection and Drainage Project 

(NFPDP) started in 1978 and aimed to provide flood protection to paddy cultivation 

and achieve higher paddy yields, nevertheless it has created some new problems in 

the paddy eco- system. Among the new problems was the development of acid 

sulphate soil conditions in drying period, which arises after changes in the 

hydrological regime of the locality though the drainage network covering 3960 ha of 

paddy fields in the downstream was improved from rapid evacuation of floodwater 

(Delpachitra,1996; Weerasinghe et al., 2015). It is now clear that NFPDP 

underestimated this factor, and hence the paddy ecosystem undergoes severe stresses 

(Weerasinghe, 1996; Weerasinghe, et al., 2000; 2015).
 
 Problem of acid sulphate soils 

in the Nilwala ganga area was recommended to carry out a detailed soil survey as a 

basis for managing the problem (Balasuriya, 1987; Dent, 1987). Later it was 

confirmed that the problem was due to excessive drainage causing oxidation of 

Jarosite mineral, which is situated 30-45 cm below, and formation of sulphuric acid 

and gaseous evolution of H2S and SO2, resulted in the formation of acid sulphate soils 

(ASS) in drying paddy fields, due to pyrite oxidation as experienced in many parts of 

the world (Dent and Pons 1995, Fanning 2002, Fitzpatrick et al., 2010, Sullivan et al., 

2012).  

Acid Sulphate formation occurs due to pyrite (mineral, FeS2) oxidation, when drying 
fields are exposed to oxygen. 

FeS2 + 15/4 O2 + 7/2 H2O → Fe (OH)3 + 2SO4 +4H
+ 

 

The major soil problems encountered in ASS soils are acidity, iron and aluminum 
toxicity, phosphorous fixation, possible salinity, low base status, nutrient deficiencies 
of P, K, S and Zn, which are aggravated due to dry spells. (Ponnamperuma, 1972; 
Ottow et al., 1991). Thus, after implementation of NFPDP, nearly 7000 acres of 
paddy lands were abandoned and some paddy lands which were cultivated in both 
seasons of the year are now cultivated once a year. Several groups and research 
institutes conducted research work during last three decades (1980’s onward) to 
ameliorate acid sulphate conditions and bring back the paddy lands under plough. 
However, their efforts were not fruitful though some other crops such as cinnamon, 
coconut, yams etc. are grown under Sorjan system with a provision of irrigation 
facilities (Balasuriya. personal communication). However, paddy transplanting, 
fertilizer (Eppawela rock phosphate) application, adaption of more resistant varieties 
is some of the recommendations from the researchers towards solution of the above 
problem in Nilwala downstream (Panabokke, 1996; Weerasinghe et al., 2000; 
Ratnayake et al., 2018).  
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It was then hypothesized that by bringing water table up in paddy fields and keeping 

jarosite mineral under reduced conditions, can ameliorate the acid sulphate soil 

conditions. It was further hypothesized that by heading up water in the drainage 

channel will bring the water table up in paddy fields through natural hydraulic forces. 

Thus, the present research was undertaken to investigate the validity of these 

hypotheses and the possibility of re-cultivating paddy in these acid sulphate affected 

paddy tracts. 

MATERIALS AND METHODS 

A pilot area of the drainage channel segment of about 250 m length from NFPDP, 

where a flat land, consisting of about 5 acre of paddy land affected by acid sulphate 

soil (Fig. 1) was selected in the Kotawila, Godagama area closer to Agriculture 

Research Station (ARS), Telijjawila with road accessibility.  The only vegetation 

growing in the site is a plant called “TIKIYA” (Eliocharis dulcis), the only plant that 

survives under acid saline soil conditions (Balasuriya, 1987). 

 

 

 

 

 

 

 

 

Figure 1. Area affected by extreme acid sulphate conditions 

Soil Sampling 

A composite soil sample was obtained, using a soil augur from five randomly 

selected places at five soil depths; 0-15, 15-30, 30-45, and 45-60 cm, f and the 

samples were well mixed, and composite 4 samples were prepared for analysis. The 

pH and EC measurements were taken done by pH and EC meters (1:1 soil-water 

ratio).  

Water table measurements 

Forty piezometers were prepared using 1.5-inch diameter S-Lon pipes of 4 feet long 

and several holes were bored in the lower part of the piezometer to allow the water to 

enter into the piezometers freely and were installed in the soil up to 3.5 feet depth, in 

four feet deep holes bored in the uniformly selected positions in the paddy lands 

using a soil auger.  

 



214 Senanayake et al. 

Water entered into the piezometer through the open end and holes bored and came to 

equilibrium naturally through hydraulic forces and height of the water column inside 

the piezometer was measured.  The water levels in the piezometers and drainage 

channel were measured twice a week. Further, pH and EC of the water collected from 

the piezometers and from the drainage channel was also measured twice a week. 

Correlation analysis was then carried out between water levels, pH and EC at the end 

of one-year period. 

Simulated pot experiment 

Based on the correlations obtained (our second hypothesis) among water levels and 

other parameters a pot experiment was carried out in a greenhouse at Gannoruwa, 

Peradeniya, simulating the  rainfall received at the site, as other weather parameters 

in both locations were  almost the same, being in wet zone of Sri Lanka. Sixty cm 

long S-lon pipes of diameter 3 inches (7 pots) and 4 inches (3 pots) were used as 

pots.  Two water table depths; 15 cm below soil surface (Treatment) and 45 cm 

below soil surface (Control) were used with ten pipes per treatment (10 replicates). 

The pots were filled with soil collected from the site at five layers: 0-12, 12-24, 24-

36, 36-48, 48-60 cm and filled in the same sequence to simulate field conditions and 

compacted. The required water table depths were achieved by dipping the pots in half 

barrels filled with water to 45 or 15 cm height, respectively.  After two weeks of 

setting up of the experiment, (allowing the natural hydraulic forces to equilibrate so 

that the water table in pots reached the same height as outside and also the pH and 

EC), the pots were seeded with pre-germinated rice seeds of variety Bg.357 at the 

rate of 25 seeds /pot (3 inches diameter) and 40 seeds/pot (4 Inches diameter). Water 

depths in half barrels were maintained at 45 and 15 cm, respectively throughout the 

experimental period. 

 Experiment was maintained and fertilized as per Department of Agriculture 

recommendation for 3.5 age group variety until maturity except irrigation.  Since the 

project area was totally rainfed, daily rainfall data from ARS, Tellijjawila was 

obtained and calculated quantity of water was added on days where rainfall was 

received (Simulation).   Normally the Maha paddy cultivations starts in latter part of 

October (20 October) in Matara district and the rainfall was simulated in the pot 

experiment starting from 20 December 2020. EC and pH of soil in pots were 

monitored once a month and weekly plant population counts and plant heights were 

recorded throughout the cropping period. The simulated Maha 2020/21 rainfall was 

given in Table 1.  
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Table 1.  Maha season (2020/21) rainfall in mm received at the site and the rainfall 

simulation dates in Pot Experiment 

Maha season 1920/21 rainfall in mm 

Date 

Sept. 

2020 

October 

2020 

November 

2020 

December 

2020 

January 

2021 

February 

2021 

Simulation in 

Pot Experiment 

December 

2020 January 2021 

February 

2021 

March 

2021 

April 

2021 

1 19.5 0.0 0.0 0.0 0.8 0.0 

2 5.1 0.0 0.0 3.7 0.0 0.0 

3 0.0 0.0 53.8 0.7 15.0 0.0 

4 6.4 0.0 0.0 0.0 3.5 0.0 

5 7.6 0.0 14.8 0.0 0.0 0.0 

6 28.7 0.0 0.0 0.0 0.0 9.1 

7 1.4 12.90 6.0 0.0 0.0 0.0 

8 16.6 10.2 72.7 0.0 0.0 0.0 

9 6.7 13.5 5.2 0.0 0.9 7.0 

10 3.6 18.2 5.2 0.0 0.0 0.0 

11 6.7 15.3 4.4 0.0 14.8 0.0 

12 17.6 26.7 0.0 2.5 0.7 0.0 

13 13.2 0.0 5.9 0.0 1.3 0.0 

14 0.7 10.0 65.9 0.0 1.1 0.0 

15 9.6 0.0 41.2 24.6 1.1 0.0 

16 0.0 0.0 1.7 28.6 12.2 0.0 

17 5.4 0.0 18.2 0.0 11.7 0.0 

18 7.7 0.0 3.2 0.0 0.0 0.0 

19 6.2 0.0 2.1 0.5 0.0 0.0 

20 25.9 0.0 1.2 0.0 0.0 0.0 

21 22.6 21.9 0.3 14.4 0.6 0.0 

22 1.4 4.3 0.0 0.0 0.0 0.0 

23 0.0 8.1 0.0 30.4 0.0 0.0 

24 43.3 0.0 0.0 0.0 0.0 3.0 

25 0.0 14.4 0.0 0.5 0.0 0.0 

26 0.0 0.0 0.0 0.0 0.0 0.0 

27 0.0 0.0 0.0 0.0 0.0 0.0 

28 15.3 0.0 0.0 0.0 0.0 0.0 
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Maha season 1920/21 rainfall in mm 

Date 

Sept. 

2020 

October 

2020 

November 

2020 

December 

2020 

January 

2021 

February 

2021 

Simulation in 

Pot Experiment 

December 

2020 January 2021 

February 

2021 

March 

2021 

April 

2021 

29 41.2 0.0 0.5 0.0 27.6 - 

30 0.0 0.0 6.1 0.0 11.4 - 

31   0.0   0.0 0.0 - 

Total 312.4 178.0 306.3 105.9 102.7 19.1 

Ten-year 

average 

200 350 150 80 75 

RESULTS AND DISCUSSION 

At the onset of the study, composite soil sample was obtained, which includes 20 

sub-samples and a representative sample was obtained after thorough mixing and 

analyzed for pH, organic matter, CEC and EC.  Results indicated both pH and EC are 

in typical conditions of an acid sulphate soil and not conducive for rice cultivation: 

pH 2.92, EC 11.6 mS/cm, CEC 24.9 cmol/kg and organic matter 4.4%.  

Normally paddy soils are maintained at a reduced condition to bring the soil pH to 7 

and EC less than 2.0 mS/cm conducive for rice cultivation. In the project area due to 

excessive drainage and continuous pumping out of drainage water to sea, drawing 

down the water table exposing the soil for oxidative processes lead to acid sulphate 

formation with low pH and high EC.   

Water table depth in the field and water level in the channel was monitored for a 

period of one year at 2-week intervals and the data were summerized to weekly 

averages and presented in the Fig. 2a. It shows the comparative depths for the week 

1-51  and weekly variation in water levels, which follows a similar trend.  The lower 

readings in week 14-19 could be attributed to the heavy rainfall  (172 mm in 

November  and 128.6 mm in December)  in the catchment area inundating the paddy 

lands and as the rain water from higher elevations in the channel moves down 

towards the site increasing the water level in the channel and decreasing the water 

table depth in the paddy fields. These levels in the drainage channel are measured 

from a reference point marked on a permanent water controlling structure (which is 

in par with the soil surface of the paddy land)  at the highest elevation in channel 

section of the site.   
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Correlation analysis of the water table data (Fig. 2a) showed that there is a very high 

correlation (r
2
=0.985), which proved our second hypothesis, where natural hydraulic 

forces operating in the site and therefore heading up of water in the channel can 

elevate the water table in the paddy fields, keeping the jarosite oxidation at bay. 

Further, the changes in pH values between water table depth in the paddy fields and 

water level in the drainage channel (Fig. 2b) also showed a good correlation (r
2
=0.90) 

throughout experiment period. This also proves that oxidation reduction processes 

also operational in the site and if we can head up water in the channel then the soil 

reduction takes place and pH values decrease to acceptable levels for paddy 

cultivation. Similarly, EC values (Fig. 2c) also showed a good correlation (r
2
= 0.975) 

and could be brought to levels acceptable for paddy cultivation. 

 

(a) 

        

(b)       (c) 

Figure 2. Relationship of water table and water level with changes of pH (b) and EC (c) 
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Pot Experiment 

A simulated pot experiment inside the greenhouse was conducted (Fig. 3) to find out 

the feasibility to raise a rice crop with increased water table. In this pot experiment 

Maha 20/21 rainfall of project site was simulated by adding measured quantities of 

water. However, Maha 2020/21 appears to be exceptionally dry (Table 2) and all of 

the months except January 2021 the rainfall received was less than 10-year average. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Plant growth after 14 weeks for different treatments  

As a result, the plants did not grow to a height of more than 35-40 cm, due to 

physiological water stress experienced by the rice plants because of low amount of 

rainfall received and long spells of dry weather and high intra plant competition.  

Normally Bg 357 rice plant grows to a height of 56 cm (RRDI, Personal 

communication).  Moreover, growth period of the rice plants was also extended by 

about 7-10 days.  

Table 2. Monthly rainfall received during 2020/21 Maha season and ten-year 

averages 

 Rainfall in mm 

October November December January February 

2020/21 Maha  178 306.3 105.9 102.7 19.1 

No. of rainy days 10 18 8 13 3 

Ten year average 200 350 150 80 75 

Source: Meteorological data, ARS, Telijjawila 
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Table 2 shows the monthly rainfall in 2020/21 Maha season and in January 2021 only 

gave slight increase in rainfall above 10-year average. Rainfall data analysis further 

showed two dry spells of 10 days (October 26–02 Nov.) and 11 days (Nov. 21-29) 

which coincided with the vegetative phase of the rice crop followed again by another 

dry spell of 11 days [2021 January 18-28] followed by extremely dry weather in 2021 

February with only 3 days of rain (9.1, 7.0 and 3.0 mm) which coincided with panicle 

development stage of the reproductive phase of rice crop.   

This indicates that plants had suffered from physiological stress in the treatment and 

in control from the acid sulphate conditions in addition to physiological stress. 

Therefore, one cannot expect a good growth of rice plants - plant height, tillers and 

panicle size are affected and the plants in the treated pots was reduced to 35 cm in 

height compared to control where plant height was 22 cm.  This difference in height 

could be attributed to the comparatively favourable growth environment under high 

water table, keeping the jarosite mineral under reduced conditions. 

Plant Population count was also taken at weekly intervals and data represented in Fig. 

4. After 9 days after planting seeds of the rice plants were eaten by rats and 

population was reduced to 210 and 185 plants for treatment and control respectively 

and the plant count was reduced to 112 and 28 plants respectively at the end of 

experiment period. Therefore, the survival of plants was 53% and 15% for the 

treatment and control respectively.  

 

Figure 4. Rice plant survival for different treatments over time 

High plant mortality was observed in the control treatment (28 plants) due to 

development of acid sulphate conditions by oxidation of jarosite and high survival of 

rice plants in the treatment (112 plants) where water table is within the root zone of 

rice plants and jarosites are under reduced conditions. Changes in soil pH and EC 

0 

50 

100 

150 

200 

250 

300 

350 

0 3 4 11 34 60 74 95 

N
u

m
b

er
 o

f 
p

la
n

ts
/p

o
t 

Number of days after sowing 

Rice Plant Survival 

Treatment 

Control 

 Rat damage 



220 Senanayake et al. 

was monitored in pots and showed water table depth has definite influence on the soil 

acidity [decreased with increased water table (pH value increase)]. Soil pH value in 

the treatment increased with time and reaches almost neutrality, which could be 

attributed to the prevention of Jarosite oxidation and the typical reduced conditions in 

paddy soils. On the other hand, EC value is also decreased in both treatments.  

CONCLUSION  

Simulated study concluded that the hypothesis “bringing water table up in paddy 

fields and keeping jarosite under reduced conditions, can ameliorate the acid sulphate 

conditions” was found true and under the situation rice can be normally grown in the 

acid sulphate affected fields of the Nilwala river basin under the condition the water 

table is maintained at about 15 cm below the soil surface.  However, in-situ 

observation i.e., field study is essential to confirm the results and the validity of the 

hypothesis. 
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ABSTRACT 

Nepal's farmers report fertilizer shortages yearly, especially for rice, 
wheat, and maize production. A reliable and established approach to 
estimating the actual demand for fertilizers for different crops and 
cropping seasons is lacking. Therefore, it is difficult to project the types 
and quantity of fertilizer to import and allocate across various regions in 
the country. With the direct involvement of the Government of Nepal 
(GoN) in fertilizer import, price (subsidy), and distribution, together with 
the high affinity of farmers for the subsidy, there is no incentive for the 
private sector to import and distribute fertilizers. Thus, farmers’ access to 
fertilizers in the country depends primarily on the subsidy budget, 
quantity and types of fertilizers imported, and their distribution 
management. In this study, the fertilizer demands, both at the national 
and sub-national levels, were estimated through a survey of cooperatives 
that distribute subsidized fertilizers in the country. Our estimate suggests 
that the fertilizer supplied in 2018/19 was only 60% of the total effective 
demand in the country. With this estimate of the demand-supply gap and 
the price variability across provinces, short, medium, and long-term 
policy recommendations are made to improve the supply of chemical 
fertilizer in the country. 

Keywords: Fertilizer import, Subsidy policy, Demand-supply gap, 

Fertilizer distribution, Nepal. 

INTRODUCTION 

Chemical fertilizer is considered one of the most reliable productivity-enhancing 

inputs (Ezeh et al., 2008). One-third of the increase in cereal production worldwide is 
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associated with using fertilizers (FAO and IFA, 1999). However, the rates of 

fertilizer use in developing countries are much lower compared to developed 

countries. During the 1960s, more than 70% of the total chemical fertilizers were 

consumed by the industrialized countries (Heisey and Norton, 2007), while in 2013,  

the share of developing countries rose to 70.2%, and the consumption of developed 

countries reduced to less than 30% (Reetz, 2016). However, the average fertilizer 

application rate in South Asia is still lower (160.3 kg/ha) than in other developed 

countries but higher compared with Sub-Saharan Africa (16.2 kg/ha) (World Bank, 

2020). The productivity of cereals in Nepal is one of the lowest in South Asia 

(FAOSTAT, 2020), mainly due to poor access of farmers to agricultural inputs such 

as improved seeds, fertilizers, irrigation, low mechanization, and fragmented 

smallholdings (Takeshima and Bhattarai, 2019; Sarom, 2014). Although the use of 

chemical fertilizer has increased in Nepal in the past few decades, the overall 

intensity of use lags compared to that of many other Asian countries (World Bank 

2020).  

In Nepal, the low use of chemical fertilizers is associated with inadequate supply and 

a lack of farmers’ awareness of improved fertilizer management practices (APROSC, 

1995; MoAD, 2017). In addition to availability, the fertilizer application rate at the 

farm level is determined by price, fertilizer yield response, irrigation, and commodity 

prices, among others (Denbaly and Vroomen, 1993). It is difficult for subsistence 

farmers to afford the high price of fertilizers, particularly in developing countries. 

Thus, subsidies have been widely used to promote the use of fertilizers (FAO and 

IFA, 1999). However, the effectiveness of subsidies on agricultural inputs, including 

fertilizers, to a targeted group of farmers remains debatable (Wiggins and Brooks, 

2012; Hemming et al., 2018; Druilhe and Barreiro-Hurle, 2012). In Nepal, while 

subsidy has increased farmers’ access to fertilizers, it has not been an effective 

instrument for meeting fertilizer demand and its timely supply (Takeshima et al., 

2017). The subsidy for fertilizers provided by the government was NRs (Nepalese 

Rupees) 11.00 billion which is roughly 30% of the total agricultural budget (NRs. 

34.8 billion) in 2019/20 (MoF, 2020). The Agricultural Development Strategy-ADS 

(2015-2035) has suggested a comprehensive subsidy assessment to improve the 

supply system in the short term and withdraw subsidies in the long term (MoAD, 

2014; MoAD, 2017).  

The formal government import of chemical fertilizers in Nepal started with the 

Agriculture Input Corporation (AIC) establishment in 1965. The Government of 

Nepal (GoN) introduced a fertilizer subsidy policy in 1973. The government, 

however, eliminated the subsidies on DAP and MOP in 1997 and removed the 

subsidy on Urea in 1999 in a phased manner. However, the chemical fertilizer supply 

gradually decreased with subsidy removal, primarily due to increasing global 

fertilizer prices (Takeshima et al., 2016), and the government reintroduced the 

fertilizer subsidy in 2009.  
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Nepal does not have any domestic production of chemical fertilizer. Two government 

parastatal companies-Agriculture Inputs Company Limited (AICL) and the Salt 

Trading Corporation Limited (STCL)- import and distribute subsidized fertilizers 

primarily through cooperatives and a small proportion through other registered 

dealers in the country. Three main fertilizers [Urea, diammonium phosphate (DAP), 

and Muriate of Potash (MoP)] are imported legally only through the subsidy 

program. However, subsidized supply is estimated to meet half of the total demand, 

though there is no documentation on how such estimate is made. A considerable 

quantity of fertilizer is reported to be entering the country informally (not legally) 

through the porous Indian border (Singh, 2018). This informal import from the Indian 

border meets part of the unmet demand (MoAD, 2014; Panta, 2018; Singh, 2018). In 

addition to the short supply in quantity, another problem is the government’s inability 

to import and make fertilizer timely available to farmers. There is a delay in the 

import of fertilizers during the major crop-growing seasons most of the years, and 

this problem is more evident during rice season.  

Every year, particularly during the primary cropping seasons, fertilizer shortages are 

reported by farmers across the country (Pant, 2018). The supply of subsidized 

fertilizer does not meet farmers’ demand. Still, there is a lack of a reliable way to 

estimate the actual demand for fertilizers at the national and regional levels. As the 

county relies on subsidies to import fertilizers, a proper estimate of the fertilizer 

demand across different regions and crops is of great significance for their effective 

import and distribution planning. An actual assessment of the fertilizer demand could 

help to project the total budget required for procurement, and timely supply of 

fertilizers by season and crops, to estimate the volume of buffer stock needed and to 

increase efficiency in distribution. 

Against the above backdrop, this study was conducted to estimate the effective 

demand for three subsidized fertilizers (Urea, DAP, and MoP) at the national and 

sub-national levels and to provide recommendations to manage the supply and 

distribution of fertilizer in the country. 

MATERIALS AND METHODS 

Data collection  

About seven and a half thousand cooperatives (dealers of AICL and STCL) in 77 

districts distribute three subsidized fertilizers to farmers. The survey purposively 

selected 33 districts, covering all seven provinces and three agroecological regions- 

Mountain, Hills, and Terai. Of the 33 districts, 20 were from Terai, 12 were from 

Hill, and one was from the Mountain (High Hill) region (Fig. 1). However, the 

mountain district was grouped as the Hill district for our analysis in this study. This is 

because less than 2% of total subsidized fertilizer was allocated for the Mountain 

region in 2018/19. Most of the pockets that use fertilizers in the Mountain regions are 

like those of the Hill districts. A total of 79% of the fertilizer is distributed in Terai 
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districts (GoN, 2017). Therefore, we selected 79% of the cooperatives (n=645) from 

the Terai region, and the other 21% of cooperatives (n=183) were taken from the 

Hill/ Mountain region for data collection. 

The survey was conducted between October 2019 and January 2020 from 828 

cooperatives focusing mainly on the demand and supply of three subsidized 

fertilizers for 12 months (from April 2018 to March 2019).  

 

Figure 1. Location of surveyed cooperatives across different provinces of Nepal 

Estimation of the total effective demand (TED) 

The total effective demand (TED) is the quantity of fertilizer that farmers would be 

willing to purchase if available in time and quantity (Kelly et al., 2001). From all the 

surveyed cooperatives, we obtained the total reported supply (hereafter called TRS) 

based on their fertilizer sale inventories. As the quantity of subsidized fertilizer has 

always been in short supply, the cooperatives were asked to estimate what would be 

the actual demand for fertilizer from farmers in their area, based on which we 

estimated the total reported demand (hereafter called TRD) for all three subsidized 

fertilizers for 12 months. Using the TRS and TRD from each of the cooperatives 

surveyed, we calculated the Demand-Supply Ratio (DSR) for co-operative ‘i’ for 

fertilizer ‘j’ as in equation (1) as follows: 
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DSR estimates the proportion of the total demand met by the current supply for each 

of the surveyed cooperatives for Urea, DAP, and MoP. However, our interest here is 

to estimate the Demand-Supply Gap at the national as well as provincial and regional 

(Hill and Terai regions) levels. So, we calculate the DSR of each province and at the 

regional level (Hill/ Mountain and Terai) by taking the average DSR for all the 

cooperatives in each of the seven provinces, regions, and at the national level by 

taking an average of all 828 cooperatives surveyed as follows: 

         
                    

  
                                         

where Np is the number of cooperatives surveyed in each province and ‘j’ is one of 

the three fertilizers 

     

    
                  

  
                                             

Where Nr is the number of cooperatives surveyed in each region, and ‘j’ is one of the 

three fertilizers.         

     

    
      

  
                                                      

where Nc is the number of cooperatives surveyed in the country (i.e., n= 828), and ‘j’ 

is one of the three fertilizers         

The total actual supply (TAS) of chemical fertilizers is available from government 

sources at the national and district level (GoN, 2017), which can be calculated by 

summing the quantity supplied to all districts that fall in a given province or region. 

Then, the supply as the DSR estimates in equations 2, 3, and 4 can be used to 

estimate the total effective demand (TED) of the fertilizer ‘j’ at province ‘p’, region 

‘r’ and at an overall country- level ‘c’ as follows for each of the three fertilizers:  

At the province level:       
     

     
---------------------------------------   (equation 5) 

At the regional level:       
     

     
----------------------------------------   (equation 6) 

At the country level:       
     

     
----------------------------------------   (equation 7) 
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Price of fertilizers 

The government applies price subsidy at the point of import; thus, the unit price of 

the subsidized fertilizer is fixed at the port of entry (Birgunj city). For example, the 

retail price for one kilogram of Urea, DAP, and MoP in Birgunj is NRs 14, 43, and  

31, respectively, in 2019. The distributing companies AICL and STCL transport them 

to four different regional facilities (along the Terai region) from where the districts 

and cooperatives source their fertilizers supply. As fertilizers are subsidized at 

source, the price of fertilizer paid by the farmers at a given cooperative is the price at 

the port of entry plus the function of the distance (transportation cost) from the point 

of import and other logistic expenses (staffing, loading/unloading, warehouse, etc.) 

incurred by the cooperatives. A simple regression analysis was conducted to see the 

impact of distance on the selling price of the three fertilizers at different cooperative 

locations as follows: 

                   
                                

where 'Price' is the selling price of fertilizer, 'Distance' is the distance to the selling 

point (location of cooperatives) from the point of entry (i.e., Birgunj),   and 

parameters to be estimated, and the   is the error term.  

RESULTS AND DISCUSSION 

Fertilizer supply and use at the farm level 

On average, the surveyed cooperatives have been trading fertilizer for the past seven 

years. When fertilizer is not available at these cooperatives, farmers must travel, on 

average, 13 km (Hill: 18.2 km; Terai: 12.7 km) which is equivalent to an average 

travel time of 75 minutes (Hill: 98 minutes; Terai 72 minutes; overall standard 

deviation: 73 minutes) using the most common means of travel available. But there 

were some extremes in some districts (maximum: 8 hours) without motorable roads 

to some of the areas surveyed, which increased the travel time. 

On average, a typical surveyed cooperative received around 84 MT of Urea, 64.1 MT 

of DAP, and 13.3 MT of MoP. The average volume was higher in cooperatives 

across Terai than in the Hill region, as shown in Table 1. Almost 85% of the 

surveyed cooperatives reported that the fertilizer supply was less than the demand in 

their area. Still, the size of the supply-demand gap varies across provinces and 

regions. Besides subsidized fertilizers, about 45% of cooperatives reported selling 

unsubsidized fertilizers, including Single Super Phosphate (SSP) and Ammonium 

Sulphate (AS). Still, the sales volume of these fertilizers is considerably lower than 

the subsidized ones. The STCL and some other private firms import these 

unsubsidized fertilizers sold by cooperatives and private agri-input retailers called 

agrovets. The use of unsubsidized fertilizers was reported more in the provinces that 

shared a border with India and were the highest in Sudurpashchim province, the 
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province with the highest number of cooperatives reporting a shortage of subsidized 

fertilizers (91% cooperatives).  

Table 1. Actual supply of subsidized fertilizer as reported by surveyed cooperatives 

in the fiscal year 2018/19 (April-March) 

Region or 

Province 

Cooperatives 

surveyed 

(n=828) 

Mean supply to surveyed cooperatives 

in MT (SD in parentheses) 

Percentage of 

cooperatives 

reporting short 

supply Urea DAP MOP 

Region      

Hill 183 71 (127) 44.2 (92) 5.2 (11) 74.9 

Terai 645 87.8 (115) 69.8 (104) 15.9 (68) 87.6 

Province*      

Province P1 71 114 (118) 63 (60) 14.4 (47) 70.4 

Madhesh 344 82.5 (108) 72.7 (109) 14.5 (36) 89.0 

Bagmati 102 103.2 (155) 61.8 (90) 7.3 (14) 82.4 

Gandaki 54 87.5 (176) 31.8 (65) 7.8 (14) 83.3 

Lumbini 158 71 (84) 50.5 (66) 10.8 (74) 84.8 

Karnali 44 34.9 (78) 32.9 (124) 2.4 (5) 75.0 

Sudurpashchim 55 101.6 (123) 117.9 (172) 41 (166) 90.9 

National 828 84 (118) 64.1 (102) 13.3 (60) 84.8 

* There are seven provinces in the country. Until recently they were called P1, P2, P3, P4, P5, P6, and 

P7. Now six provinces have been given a name except Province P1, as indicated in Table 1. We have 

used the notations and the names of the provinces as relevant in this paper. 

Farmers generally use subsidized fertilizers mainly for rice, maize, and wheat. 

However, significant amounts of DAP and MoP were used for commercial crops, 

including vegetables, potatoes, bananas, and cash crops such as sugarcane (Fig. 2). 

Out of the 828 cooperatives surveyed, 17 (2.1%) from the Terai region reported using 

chemical fertilizers for non-agricultural purposes, such as in plywood production. 

Still, they needed to provide information on the source and quantity of fertilizer for 

these non-agricultural users. 
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Figure 2. Percent of cooperatives reporting fertilizer application for different crops 

The total amount of imported fertilizers in the fiscal year 2017/18 was 364 thousand 

MT. The Madhesh province received the highest amount (115 Mt) of fertilizer, 

followed by the Lumbini province (85 Mt), while Karnali province received the least 

(4 Mt) (Table 2). However, when we calculate the use of fertilizer per hectare.  

Table 2.  Actual supply, total effective demand (TED), and supply as a percentage of 

TED at provincial/regional and national levels (based on actual supply of 

2017/18) 

Region/ 

Province 

 

Actual Supply (AS) 

in '000 MT 

Total Effective Demand 

(TED) in '000 MT 

Supply as percentage of 

TED 
Fertilizer 

supply 
(kg/ha) Urea DAP MoP Total Urea DAP MOP Total Urea DAP MOP Total 

Region            

Hill 54.3 20.3 1.5 76.1 79.0 28.1 1.5 108.6 68.7 72.2 100.0 70.1 49 

Terai 190.3 90.9 6.7 287.9 327.3 157.3 10.2 494.9 58.1 57.8 65.7 58.2 180 

Province            

Province P1 40.6 15.4 1.8 57.8 66.6 25.7 2.7 95 61.0 59.9 66.7 60.8 87 

Madhesh 74.1 38.3 2.2 114.6 121.8 63.4 3.9 189.1 60.8 60.4 56.4 60.6 189 

Bagmati 41.9 16.8 1.9 60.6 64.6 22.4 2 89 64.9 75.0 95.0 68.1 155 

Gandaki 9.6 4.2 0.4 14.1 13.1 5.9 0.5 19.5 73.3 71.2 80.0 72.3 47 

Lumbini 56.8 26.6 1.2 84.6 98.5 49.9 1.9 150.3 57.7 53.3 63.2 56.3 140 

Karnali 2.5 1.3 0.1 3.9 3.8 2.3 0.1 6.2 65.8 56.5 100.0 62.9 18 

Sudurpashchim 19.1 8.7 0.5 28.4 38 15.8 0.6 54.4 50.3 55.1 83.3 52.2 78 

National 244.7 111.2 8.2 364.0 406.4 185.4 11.7 603.5 60.2 60.0 70.1 60.3 116 

Source: The actual supply figures are from MoAD, 2017 
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(considering the area under three crops rice, maize, and wheat), Madhesh province 

received the highest quantity (189 kg/ha) followed by Bagmati province (155 kg/ha) 

and Karnali province received the least (18kg/ha). 

Effective demand at the provincial and regional level 

As per the actual supply and extrapolated effective demand of fertilizers (Urea, DAP, 

MoP) in the country, the actual supply in 2017/18 was about 60% of the TED (Table 

2). However, when disaggregating for three subsidized fertilizers, the supply was 

around 60% of the TED for Urea and DAP, while it was about 70% for the MoP. 

Among the provinces, the highest supply (72%) was in Gandaki province, followed 

by Bagmati province (68%); the lowest (52%) was in Sudurpashchim province. The 

reason for variation in the demand at the regional and provincial level is related to 

crops grown and cropped acreage and, to some extent, knowledge about specific 

nutrients at the farmers’ level.  

Price variation across provinces 

The Urea, DAP, and MOP prices in Birgunj port (port of entry in Nepal) were NRs 

14, NRs 43, and NRs 31, respectively (Fig. 3). Each cooperative calculated its retail 

price based on transportation and logistics costs. The farmers in the hills paid more, 

primarily due to the added cost of transportation (from regional depots of AICL and 

STCL to distribution locations). 

 

Figure 3.  Average buying and selling price and difference by region (in NPR/ kg). 

The cooperatives in provinces further away from Birgunj tend to sell at 

higher prices than those closer to Birgunj. The average price paid by 

farmers in different provinces ranged from NRs 16-21 per kg for Urea, 

NRs 45-50 for DAP, and NRs 33–37 for MoP, respectively. The average 

price of all three subsidized fertilizers was highest in the Karnali province 

and lowest in Province 1 and Madhesh.  
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The distance from the port of entry (city of Birgunj in Madhesh province) to each 

cooperative was significant in explaining the price variation across the country as per 

the empirical results from the simple linear regression model. A kilometer increase in 

distance from Birgunj is associated with an increase in NRs 4.01/MT of Urea, NRs 

4.62/MT of DAP, and NRs 4.43/MT of MoP (Table 3).   

Table 3.  Relationship between the distance from the port of import (Birgunj) and 

price of fertilizers at different cooperatives 

 Urea DAP MOP 

(Intercept) 16453.40 *** 45489.76 *** 33414.79 *** 

 (95.51) (117.21) (141.39) 

Distance from import custom 

point 

4.01 *** 4.62 *** 4.43 *** 

 (0.32) (0.39) (0.47) 

N 787 796 719 

R
2
 0.17 0.15 0.11 

*** p< 0.001;  ** p< 0.01;  * p< 0.05. 

CONCLUSION 

Fertilizer supply in Nepal depends completely on imports as there is no domestic 

production. The timely supply of fertilizer is a chronic problem and farmers are not 

able to get fertilizers as per their requirements. GoN has limitations in resources 

(subsidy budget and logistic facilities) to increase imports to meet the current 

demand. GoN could address part of the fertilizer problems by maintaining a buffer 

stock. Further, in addition to global tender process of fertilizer purchase, we suggest a 

more reliable and longer-term Government to Government (G2G) purchasing of 

fertilizer arrangement to ensure around 50% of the current supply to ensure a smooth 

supply during the peak growing season. The current fertilizer policy does not allow 

the private sector to participate in the subsidy program. One option to increase the 

supply is to allow private firms involve in the subsidy program. For this GoN could 

adopt a nutrient-based subsidy scheme rather than the current product-based subsidy.  
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ABSTRACT 

The effect of ivermectin on the prevalence of gastrointestinal parasites of 
Jamuna basin sheep was investigated in relation to the areas, flock sizes 
and rearing systems. A total 420 faecal samples were examined 
microscopically by using Stoll’s ova dilution technique from June to 
December 2020. The number of eggs per gram of feces was calculated 
and it ranged from 100-500.The study showed that 100% sheep were 
found to be infected with one or more species of parasites. Four types of 
parasites were identified. In grazing animals, stomach worm, 
Paramphistomum worm, Fasciola and install feeding, stomach worm and 
Trichuris were found. The prevalence of parasites in grazing on 0 day 
was stomach worm 20%, Paramphistomum worm 10% whereas in stall 
feeding it was stomach worm 15% and Trichuris 10%. In 15 days, in all 
grazing animals stomach worm was 10% and Paramphistomum worm 
10% whereas in stall feeding it was stomach worm 5%. On 30

th
 day, in 

grazing animals, stomach worm 15%, and Paramphistomum worm 10% 
were present, whereas in stall feeding it was stomach worm 10%, and 
Paramphistomum 10%. The highest prevalence of stomach worm was 
20%, whereas Paramphistomum was the lowest with 10% as seen in 
grazing animals. Stomach worm with 15% was the highest and the 
Trichuris with 10% was the lowest in stall feeding animals. Prevalence of 
parasites increased with the flock size on 0 day and ivermectin injection 
reduced the prevalence in 15 days and later it increased after 30 days of 
interval. The prevalence was higher in char area (35%) than the hilly 
area (15%). The sheep were more affected in grazing (25%) than stall 
feeding (20%). In conclusion, the use of ivermectin injection reduced the 
prevalence of gastrointestinal parasites up to one month in sheep. 

Keywords: Gastrointestinal parasites, Ivermectin injection, Jamuna 

basin sheep, Prevalence. 

  

                                                           
* Corresponding author: hashem_as@bau.edu.bd 

 

Received: 16.04.2022 Accepted: 22.10.2022 

mailto:hashem_as@bau.edu.bd


236 Sultana et al. 

INTRODUCTION 

Livestock is an integral component of food production system in Bangladesh and 

make multifaceted contributions to the growth and development in the Agricultural 

sectors (Sarker et al., 2017). The present population of sheep is 3.65 million (DLS, 

2021). Jamuna basin sheep is characterized by small body size (male: 18-25 kg, 

female: 15-22 kg) widely distributed at Tangail, Sirajgonj, Gaibandha, Sherpur, 

Jamalpur, Mymensingh and Dhaka especially, both sides of Jamuna river in 

Bangladesh. Wool of Jamuna basin lamb is coarse and modulated (Hashem et al., 

2020). Parasitic diseases caused high morbidity and huge economic losses (20-25%) 

in the form of lower yield of wool, meat and milk, followed by retarded growth 

(Gupta, 2006). Hossain et al. (2016) reported in their literature that parasites usually 

suck 10-15% of the host nutrients. Domesticated ruminants in Bangladesh are at 

continuous risk of infection with one or more harmful helminths and the extent of 

financial losses is estimated to the tune of 25 to 30 million pounds sterling annually 

(Rahman, 1999). Helminthiasis, especially parasitic gastroenteritis, poses a serious 

health threat and great challenge to the productivity of small ruminants due to the 

associated morbidity, mortality, cost of treatment and control measures (Nwosu et al., 

2007).  

In addition to these threats, infestations with helminths lower the animal’s immunity 

and render it more susceptible to other pathogenic infections; finally, this may result 

in heavy economic losses (Garedaghi et al., 2011). Among multiple constraints, 

gastrointestinal parasites are considered as one of the most serious and 

underestimated problems, which hinders the productivity of sheep (Perry and 

Randolph, 1999). In the tropics, the most important nematode species affecting small 

ruminants are Haemonchus contortus, Trichotrongylus spp. and Oesophagostomum 

spp. According to the available report, helminth infections in sheep ranged from 81 – 

94.67% in Bangladesh (Sangma et al., 2012; Mazid et al., 2006). Ivermectin sheep 

drench is indicated for the effective treatment of gastrointestinal round worms, lung 

worm and nasal bots in sheep. When used as recommended doses, it provides 

effective control of parasites.There is limited information on the effect of ivermectin 

on the prevalence of GI-helminths in Jamuna basin sheep of Bangladesh. The current 

study was undertaken to examine the effect of ivermectin on the prevalence of 

gastrointestinal parasites and to compare the prevalence of gastrointestinal parasites 

under grazing and stall feeding in sheep. 

MATERIALS AND METHODS 

Experimental site 

This experiment was conducted in two Upazila (Sherpur Sadar and Nalitabari) of 

Sherpur district and Sheep and Goat farm, Bangladesh Agricultural University 

(BAU), Mymensingh. It lies between 24°18′ and 25°18′ north latitudes and between 

89°53′ and 90°91′ east longitudes. 
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Rearing systems of sheep 

In grazing, all sheep were kept inside the house at night and subjected to grazing for 

6-7 h/ day. In stall feeding, sheep were kept inside the shed all the time. The house 

was cleaned every morning. Sheep were supplied green grass and pure drinking water 

ad-libitum. The 150-180g supplements were fed in the morning and evening 

containing 12 MJME/kgDM and 18% protein. 

Flock Size 

The farmers are categorized into groups according to the flock size i.e., initial 
number of sheep of the farm. The farmer who started sheep farming with 5 sheep (4 
ewes and a ram) termed as a flock of 5 sheep. Similarly, sheep farming with 10 sheep 
(9 ewes and a ram) termed as flock of 10 sheep and sheep farming with 15 sheep (14 
ewes and a ram) termed as flock of 15 sheep and BAU, flock size was 10 sheep. 

Flock management 

All the farmers reared sheep in semi-intensive system. The sheep were generally 
allowed to graze in naturally available pasture land around the village during day 
time. At night, they were kept confinement in the shed or other places suitable for the 
farmers. In some occasion, sheep were tethered by rope and allowed to graze by road 
side or suitable pasture land convenient to the farmers. Leaves of tree viz., mango, 
jackfruit, banana leaves or cutting grass from the cultivated land was fed during the 
rainy season. Some farmers cultivated Napier, Oat and Maize for their sheep. 
Farmers someone used to concentrate (crushed maize, wheat bran, rice bran) in the 
morning and again in the afternoon at the rate of 150-180 g/sheep/day. The sheep 
flocks were de-wormed against internal parasites three times a year (at the end of 
rainy season, at mid-dry season, and at the onset of rainy season) and external 
parasites by ivermectin injection @ 0.3 ml/sheep (Brand name: Parakil vet., 
concentration: BP 10 mg and clorsulon USP 100 mg per ml injection). The 
recommended dose level is 1ml of IVOMEC injection per 50 kg of body weight. 
Animals were also vaccinated against PPR. The biosecurity was not strictly 
maintained by all farms to reduce the incidence of diseases.  

Sample collection 

At first, on 0
th
 day, randomly 20 rectal samples were collected from each group of 

Sherpur Sadar, Nalitabari upazila and Sheep & goat farm of BAU. A total 140 
samples were collected from 7 groups. After collecting sample, ivermectin injection 
@0.3 ml/sheep (Brand name: Parakil vet. concentration: BP 10mg and clorsulon USP 
100 mg per ml injection) was used for every sheep. On 15

th
 day again, 20 rectal 

samples were randomly collected from each group (total 140) of Sherpur sadar, 
Nalitabari upazilla and ‘Sheep and goat’ farm of BAU. On 30

th
 day, 20 rectal samples 

were randomly collected from each group (total 140) of Sherpur sadar, Nalitabari 
Upazilla and ‘Sheep and goat’ farm of BAU. Faecal samples were placed in plastic 
vials containing 10% formalin and quickly transported them at 4°C to the Veterinary 
Teaching Hospital, BAU, Mymensingh for analyses. 
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Feaces egg counts of sheep 

Faecal samples were processed and subjected to counting of eggs using microscope 

through Stoll’s ova dilution technique.  

Identification of egg of parasites 

Eggs of different parasites were identified under compound microscope (10×) by 

their characteristics morphological features (Soulsby, 1982). 

Statistical analysis 

Data were edited using Excel 2013. Tabular technique was applied for the analysis of 

data using descriptive statistical tools such as average, percentages, range, mean and 

standard error. 

RESULTS AND DISCUSSION 

Prevalence of gastro-intestinal parasites in sheep of char areas of Sherpur 

In small group, mean of stomach worm was 150, whereas it was 196 and 227 in 

sheep of large group (Table 1). According to Gadahi et al. (2009) and Emiru et al. 

(2013), about 84.3, 59.1, 58.7 and 53.3%, respectively sheep were infested with 

single or multiple helminths. The present finding is lower than the prior findings of 

Mazid et al. (2006) in Mymensingh (94.7%) and Sangma et al. (2012) in Tangail 

(81.1%), Bangladesh. Strongyle had the highest prevalence of 92 (28.75%) Trichuris 

had the lowest prevalence of 16 (5%) in single infection of indigenous sheep breeds 

(Muhamed et al., 2017), which did not agree to the present study. This variation 

might be due to the distinction in geographical locations, climatic condition, rearing 

and management practices of sheep and the variation in the sampling methods. The 

prevalence of infection with different gastrointestinal parasites was identified 

namely, stomach worm, Paramphistomum and Fasciola. On 0
th
 day, the most 

prevalent eggs of gastrointestinal helminths were stomach worm (20%), whereas, 

Paramphistomum (13.13%) was the lowest. The egg per gram (EPG) count was the 

highest in stomach worm (100-500) and lowest in Paramphistomum (100-200). A 

low parasitic load of 150 was detected for Paramphistomum. Overall prevalence of 

small, medium and large flock was 20, 25 and 35%, respectively. It was observed 

that parasitic load was low in small flock (5 sheep) than medium and large flock, 

respectively (10 and 15 sheep). After using ivermectin injection on the 15
th
 day 

parasitic egg count was very low in three types of flocks as overall prevalence of 

small flock was 10% and large flock was 30%. But on 30
th 

day slightly highest 

parasitic load was detected in three types of flocks as 20 % in small flock, 25% in 

medium flock and 35% in large flock respectively. The cause of this variation may 

occur from difference in pasture land, fodder, geographical location and 

environmental factors. The percentage of sheep infected with different 

gastrointestinal parasites species including Haemonchus spp. (57.63%), Trichuris 

spp. (40.07%), Fasciola spp. (9.48%), Paramphistomum spp. (24.96) and Eimeria 
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spp. (31.93%) reported by Molla and Bandyopadhyay (2016), which were higher 

infected rate than the present study. It was detected that flock size had significant 

effect on gastrointestinal parasitic infestation. The prevalence of parasitic infection 

was higher (35%) in large group, which contain 15 numbers of sheep than small 

group (20%) which contain 5 numbers of sheep. Asif et al. (2007) reported similar 

findings in sheep from Vhola and Sirajgong district of Bangladesh. Poddar et al. 

(2017) also reported that higher infection was found in Sherpur district as compared 

to other areas in Mymensingh of Bangladesh. 

Prevalence of gastro-intestinal parasites in sheep of hilly area  

The stomach worm and Paramphistomum worm was found 100-200, 100-300, and 

100-400 on 0
th
 day among 5, 10 and 15 groups, respectively (Table 2). The result of 

the present study had significant effect on the prevalence of gastrointestinal parasites. 

Prevalence of gastrointestinal parasites in sheep was lower in hilly area than that of 

char area. Feces egg count was lower in hilly area. A few numbers of eggs were 

found in large flock at 15
th 

day due to the effect of ivermectin injection. Though in 

30
th
 day egg count increase slightly higher than last count, whereas 10, 15 and 25% 

prevalence were found in small, medium and large flock sizes. Similarly, Yeasmin et 

al. (2015) reported that sheep in char area were more infected with parasites as 

compared to hilly area in Bangladesh. In Kashmir-Pakistan, lower prevalence of 

gastrointestinal parasites was found in mountainous areas (Wani et al., 2011).  

Prevalence of gastrointestinal parasites of sheep under stall feeding  

The overall prevalence of gastrointestinal parasites was found 25%, 5% and 20% at 

0, 15 and 30 days of interval, respectively (Table 3). Similarly, parasites infection 

range was 100-300, 100 and 100-200 in 0, 15 and 30 days of intervals, respectively. 

Significant effects of parasites were observed in grazing systems of sheep. Higher 

prevalence was observed in semi-intensive rearing as compared to stall feeding 

system.These findings were consistent with the findings of Sangma et al. (2012) in 

Bangladesh, who reported prevalence is higher in free ranged system (79.12%). From 

the present study, it was observed that fluke infection was higher in free ranged sheep 

rearing system. The cause of this variation might be occurring from difference in 

pastureland, fodder types and environmental factor. The overall prevalence of H. 

contortus infection in sheep (83.4%, n=314) was higher than in goats (71.8%, n=635) 

(Mushonga, et al., 2018), which was not in accordance with the present study. 
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Table 1.  Effect of ivermectin on the prevalence of gastro-intestinal parasites of sheep among different flock sizes and 

days of interval at char areas of Sherpur 

Days Parasites 5 group (n=20) 10 group (n=20) 15 group (n=20) 

Prevalence 

(%) 

Range Mean±SE Prevalence 

(%) 

Range Mean±SE Prevalence 

(%) 

Range Mean±SE 

0 Stomach worm 2(10) 100-200 150±49.49 4 (20) 100-400 192.5±69.92 6 (30) 100-500 233.35±60.31 

 Paramphisto-mum 2 (10) 100-200 150±49.49 2(10) 100-300 200±88.20 4 (20) 100-300 220±42.62 

Overall 4 (20) 100-200 150±49.49 6 (30) 100-400 196.25±79.06 10 (50) 100-500 226.67±51.46 

15 Stomach worm 2 (10) 100-200 150±49.49 2 (10) 100-200 150±49.49 2 (10) 100-300 200±88.20 

Paramphisto-
mum  

- - - 2 (10) 100-200 150±49.49 2 (10) 100-200 150±49.49 

Fasciola - - - - - - 2 (10) 100-200 150±49.49 

Overall 2 (10) - - 4 (20) 100-200 150±49.49 6 (30) 100-300 166.66±62.20 

30 Stomach worm 2 (10) 100-200 150±49.49 3 (15) 100-200 163.33±25.95 3 (15) 100-300 223.33±50.84 

Paramphisto-

mum 

2 (10) 100-200 150±49.49 2 (10) 100-200 150±49.49 2 (10) 100-200 150±49.49 

Fasciola - - - - - - 2 (10) 100-200 150±49.49 

Overall 4 (20) 100-200 150±49.49 5 (25) 100-200 156.66±37.72 7 (35) 100-300 174.44±49.94 
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Table 2. Effect of ivermectin on the prevalence of gastrointestinal parasites of sheep at grazing and stall feeding and days 

of interval at hilly area  

Days Parasites 5 group (n=20) 10 group (n=20) 15 group (n=20) 

Prevalence 

(%) 

Range Mean±SE Prevalenc

e (%) 

Range Mean±SE Prevalenc

e (%) 

Range Mean±SE 

0 Stomach worm 2 (10) 100-200 150±49.49 2 (10) 100-300 200±84.2 5 (25) 100-400 196±53.66 

Paramphistomum - - - 2 (10) 100-200 150±49.49 3 (15) 100-300 183.33±48.49 

Overall 

Prevalence 

2 (10) 100-200 150±49.49 4 (20) 100-300 157±37.72 8 (40) 100-400 189.5±51.05 

15 Stomach worm - - - 2 (10) 100-200 150±49.49 2 (10) 100-200 150±49.49 

Paramphistomum - - - - - - 2 (10) 100-200 150±49.49 

Fasciola - - - - - - - - - 

Overall 

Prevalence 

- - - 2 (10) 100-200 150±49.49 4 (40) 100-200 150±49.49 

30 Stomach worm 2 (10) 100-200 150±49.49 2 (10) 100-200 150±49.49 3 (15) 100-200 163.33±25.95 

Paramphistomum - - - 1 (5) 100 100±0 1 (5) 100 100±0 

Fasciola - - - - - - 1 (5) 100 100±0 

Overall Prevalence 2 (10) 100-200 150±49.49 3 (15) 100-200 84±24.24 5 (25) 100-200 121.1±8.65 
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Table 3.  Effect of ivermectin on the prevalence of gastrointestinal parasites of sheep 

at stall feeding and days of interval at BAU  

Days Parasites Stall  (n=20) 

Prevalence Range Mean±SE 

0 Stomach worm 3 (15%) 100-300 176.66±62.26 

Trichuris 2 (10%) 100-200 150±49.49 

Overall 5 (25%) 100-300 163.33±55.87 

15 Stomach worm 1 (5%) 100 100±0 

Overall 1 (5%) 100 100±0 

30 Stomach worm 2 (10%) 100-200 150±49.49 

Paramphistomum 2 (10%) 100-200 150±49.49 

Overall 4 (20%) 100-200 150±49.49 

Overall prevalence of gastrointestinal parasites of sheep  

The overall prevalence of gastrointestinal parasites of sheep at grazing and stall 

feeding and days of interval is shown in Table 4. On 0
th
 day for stall feeding the 

prevalence was 25% but 2 weeks later the prevalence rate was decreased (5%). 

Although in 30
th
 day, prevalence rate increased (20%). The study revealed that stall 

feeding could be one of the good options in the future for decreasing parasitic 

infestation. Similarly, for grazing sheep the prevalence was 30, 20 and 25% at 0, 15 

and 30 days of interval, respectively. The present observation indicated that the sheep 

reared under natural grazing was more affected by gastrointestinal parasites as 

compared to stall feeding. Intensive feeding system had found better than extensive 

system regarding the growth, production, and health and sustainability perspective. 

Practically, this system seemed to be more expensive for farmers in the initial stage, 

but more return per unit of input in the long run could be counter this problem.This 

variation might be due to change in management practices of different flocks and 

opportunity of grazing land in the infected field. Singh et al. (2013) reported that the 

overall gastrointestinal prevalence was 68.75% with Haemonchus spp., Moniezia and 

Coccidia. From the study, it was found that rearing system had significance effect on 

the prevalence of gastrointestinal parasites. Prevalence of parasites in sheep was 

higher in grazing system. The variation of the study might be due to difference in 

geographical distribution, climatic condition, availability of vector, rearing and 

management, breeds and the variation of sampling collection procedure. Infestation 

rate of Fasciola was significantly (p<0.05) higher in the grazing group 

(Moniruzzaman et al., 2002). It was found that parasites egg count was very high in 

0
th 

day. After 15
th
 day again collected of feces from every group and parasites egg 

count reduced than prevosiously collected samples. The final samples counted in 30
th
 

day and parasites egg count was found slightly higher than last count. Stall feeding, 
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small flock size and regular control measures should be practiced reducing the 

parasitic burdens in the affected studied areas.  

Table 4. Overall prevalence of gastro-intestinal parasites of sheepat grazing and 

stall feeding and days of interval  

Days Parasites Grazing Stall feeding 

Prevalence 

0 Stomach worm 20% 15% 

Paramphistomum 10% - 

Trichuris - 10% 

Overall prevalence  30% 25% 

15 Stomach worm 10% 5% 

Paramphistomum 10% - 

Fasciola - - 

Overall prevalence  20% 5% 

30 Stomach worm 15% 10% 

Paramphistomum 10% 10% 

Fasciola - - 

Overall Prevalence  25% 20% 

CONCLUSION 

The important source of variation for parasitic infestation of Jamuna basin sheep 

were flock sizes, areas and rearing system. The current study revealed that the 

ivermectin reduced parasites infection and capable to control gastrointestinal 

parasites up to one month. Further study is needed with increasing the days of 

interval on the effect of ivermectin for addressing the prevalence of gastrointestinal 

parasites in sheep.  
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ABSTRACT 

Monosex tilapia (Oreochromis niloticus L.) was evaluated in a freshwater 
pond for 100 days at Gokuleshwor, Baitadi, Nepal during the summer 
and rainy seasons of 2019. Fingerlings were supplied at stocking 
densities of 5, 10, 15, and 20 fish per m

3
. At the time of stocking, the 

average fingerling weight was 8.5 grams. Each treatment had four 
replicates. Each of the treatments involved feeding the fish twice a day. 
The results revealed that the specific growth rate and survival rates 
decreased with increasing levels of stocking density. As stocking density 
increased, the growth performance of tilapia dropped. Fish growth was 
the highest at a stocking density of 5 fish per m

3
, but the production was 

the highest at a stocking density of 20 fish per m
3
. According to the 

findings of this study, farmers should use higher stocking densities to 
maximize production. 

Keywords: Monosex tilapia, Stocking densities, Growth.  

INTRODUCTION 

The Nile tilapia (Oreochromis niloticus L.) is a highly adaptable fish that feeds on 

macrophages and grows quickly, making it ideal for low-tech aquaculture in 

impoverished countries. This fish is a robust fish that can survive in shallow and 

muddy water and is a good organic matter converter into high-quality protein 

(Stickney et al., 1979). Tilapias have a strong ability to take natural feed from ponds, 

a high interest in supplementary feed, a high ability to survive in bad weather, and 

high disease resistance power (Pullin, McConnell, 1982). They can withstand 

                                                 
* Corresponding author: aishaasapkota@gmail.com 

 

Received: 27.09.2022 Accepted: 31.10.2022 

mailto:aishaasapkota@gmail.com


248 Sapkota et al. 

 

temperatures of 10 to 11 degrees Celsius. In 1985, two tilapia species, Oreochromis 

niloticus, and O. mossambicus, were introduced into Nepal for the first time from 

Thailand (Shrestha, 1994). Tilapia has long been considered a low-value trash fish. 

Tilapia can be cultured in a variety of aquaculture systems, ranging from ponds with 

a low density to high-intensity commercial farms, pens, cages, and raceways (Yadav, 

2006). Tilapias have a wide range of aquaculture characteristics. They grow well 

even on low protein diets, whether in natural aquatic production or as supplementary 

food. They can withstand a wide range of environmental conditions, are disease 

resistant, and can be handled and kept in captivity (Yadav, 2006). 

Tilapia development is normally determined by several parameters, including stocking 

density, physiological status of the fish, reproductive status of the fish, food quality, 

energy content of the diet, and environmental drivers such as dissolved oxygen, pH, 

temperature, and so on (Lovell, 1989; Gibtan et al., 2008). Among these factors, fish 

stocking density is important in profitable aquaculture (Kunda et al., 2021). Stocking 

density is also important for lowering input and maintenance expenses. As a result, both 

under-stocking and over-stocking are less commercially viable in commercial culture 

systems (Marma et al., 2017). The ideal stocking density enables long-term aquaculture 

by ensuring proper feed use, maximum productivity, a healthy habitat, and good health. 

In comparison to low stocking density, high stocking density has a number of negative 

consequences, including competition for food and shelter, as well as the quick spread of 

disease if it occurs. As a result, optimizing the stocking density for the target species in 

aquaculture is critical for achieving the necessary level of production (Reza et al., 2015). 

In terms of quality fingerling production, optimum stocking density and feed quality 

dictate its growth, survival, and economic viability (Timalsina et al., 2017). The 

information regarding the stocking density of tilapia in Nepal is not sufficient. Therefore, 

this study was carried out to find the optimal stocking density of tilapia in Gokuleshwor, 

Baitadi, Nepal. 

MATERIALS AND METHODS 

Study area 

The experiment was conducted for 100 days in a single pond at the Gokuleshwor 

Agriculture and Animal Science College (GAASC), Baitadi, Nepal, from July 5, 

2019 to October 17, 2019 at a latitude of 80°34"E and a longitude of 29°40" N. It is 

located in Baitadi District's Dilasaini rural municipality, which is part of the Far 

Western Development Region (Province No.7) Mahakali Zone. The research area is 

located at an elevation of approximately 886 meters above sea level. 

Experiment design and setup 

The experimental setup included sixteen net-hapas (1 m × 1 m × 1 m). A completely 

randomized design (CRD) was used to allocate four treatments replicated four times 

at four levels of stocking density. The stocking density of Oreochromis niloticus L. is 

given in Table 1. 
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Table 1. Different levels of stocking density used in the experiment 

Treatment  Treatment details  

(Stocking density i.e., no. of fish per m
3
) 

T1 5 

T2 10 

T3 15 

T4 20 

Pond management  

The pond's water was drained and dried in the sun for roughly 5 days. All water inlets 

and outputs have been inspected and repaired. Predators and vermin are kept out of 

the pond system by repairing it. Using lime (1 kg per 45 m
2
), all aquatic weeds were 

eliminated from the pond and dike, as well as the total elimination of all undesired 

fish, insects, and other aquatic life. Temperature: 26-32
o
C, dissolved oxygen: 5-8 mg 

L
-1

, PH: 6.5-8.5, turbidity: 25-40 cm, and other normal water quality parameters were 

maintained during the research. Plankton concentration: moderate, water depth: 1.3 

m, water color: mild green, 0.2 ppm ammonia and 20 ppm dissolved CO2. Hapas are 

installed in the pond seven days after liming.  

Collection and stocking  

The fries of monosex tilapia were carried out from Agriculture and Forestry 

University, Rampur, Chitwan, Nepal.  Those fry were brought to Dhangadhi (Geta), 

the experimental location, in oxygenated water in a polybag for the re-installation of 

oxygen in the polybag to reduce fry mortality. Fry were acclimatized in plastic bags 

with experimental pond water for one day before being released at 8:00 a.m. the next 

day in each experimental pond at a rate of 5 individuals per m
3
 in Treatment T1, 10 

individuals per m
3
 in Treatment T2, 15 individuals per m

3
 in Treatment T3, and 20 

individuals per m
3
 in Treatment T4. At the time of stocking of fry in hapa, the initial 

average weight of fry was about 8.5 g. 

Feed preparation and feeding 

During the experiment, a commercial floating pellet was employed. The feed 

included 30% crude protein, 5.6% crude fat, 14.23% crude ash, and 9.5% moisture in 

1.8-2 mm pellets. Initially, the fry was given 10% of their body weight twice a day. 

Every ten days, the feeding is reduced by 2% of the feed weight. Feeding was 

roughly 3% of their body weight in the previous week.  

Data recording 

Fish were sampled monthly for growth determination. At least 10% of each species 

were netted and weighed. Daily weight gain, survival rate (%) and food conversion 

ratio (FCR) were estimated. The water quality parameters were recorded throughout 

the experimental period. Water samples were collected between 9:00-10:00 a.m. at 
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fortnightly interval. The physico-chemical parameters like temperature (°C), 

dissolved oxygen (mg L
-1

), transparency (cm), pH and water  depth (cm)   were 

determined monthly three times i.e. in the morning (6-7 am), afternoon (12-1 pm) 

and evening (5-6 pm). 

Statistical analysis 

The obtained data from the experiment were analyzed statistically by one-way 

ANOVA using statistical software GenStat (version 15.0, VSN International Ltd., 

England and Wales) was used to evaluate the collected data. The least significant 

difference (LSD) test was used to identify the significant differences between 

treatments at a 5% level of significance (Gomez, Gomez, 1984). MS-Excel 2016 

software was used to create graphs and tables. 

RESULTS AND DISCUSSION 

Growth  

The stocking density has a significant effect (p<0.01) on fish growth as measured by 

weight (Fig. 1). The growth rate of mono-sex male tilapia was measured at 10-day 

intervals under various stocking densities, and the results are reported in Table 2. 

This finding indicates that lower stocking densities resulted in a higher weight (g) 

growth rate, which was subsequently reduced as densities increased. 

Table 2.  Mean values of growth increment (g) of monosex male tilapia at different 

stocking densities 

Stocking 

density 

(No. of fish 
per m3) 

Days 

20 30 40 50 60 70 80 90 100 

5 11.05a 14.25a 21.73a 33.08a 41.55a 57.43a 73.41a 93.23a 133.31a 

10  10.18b 13.20b 20.60ab 31.65ab 41.20a 54.70b 70.05b 89.23ab 124.48b 

15  9.95b 12.65bc 19.80b 30.38bc 38.59b 51.25c 66.35c 85.90bc 119.95b 

20  9.55b 12.13c 19.60b 29.13c 38.15b 50.80c 63.55c 81.56c 110.25c 

Mean 10.18 13.06 20.43 31.06 39.87 53.54 68.34 87.48 122.00 

SE 0.19 0.32 0.57 0.54 0.53 0.89 1.30 1.42 2.70 

LSD (0.05) 0.68 0.90 1.16 1.93 2.22 2.09 3.00 4.41 8.05 

CV (%) 7.55 9.93 11.24 6.92 5.28 6.63 7.59 6.48 8.86 

F test ** ** ** ** ** ** ** ** ** 

SE = standard error; **-Significant difference at P < 0.01. In column, mean followed by the same letter 

(s) did not differ significantly at 0.01level. 

The effect of stocking densities on the growth of fishes at different days was found to 

be significant (P<0.01) (Table 2). The increasing stocking densities reduced the 

https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=physico-chemical
https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=dissolved+oxygen
https://www.updatestar.com/publisher/vsn-international-ltd-185623
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growth of fishes (Table 2). These results are similar to those found by Ferdous et al. 

(2014) and Rayhan et al. (2018). The growth rates changed depending on stocking 

density, which was also reported by Begum (2009), Rubel (2008), and Masum 

(2011). Abaho et al. (2020) and Shamsuddin et al. (2022) found that the growth rate 

of Nile tilapia (Oreochromis niloticus) was affected by different stocking densities. 

Specific growth rate 

The effect of stocking densities on specific growth rates was found to be non-

significant. The specific growth rate has decreased with an increasing level of 

stocking densities (Fig. 1). At the lowest stocking densities, the highest values of 

specific growth rates were attained by Islam (2007) and Alam (2009). The 

temperature variation across locations and the natural productivity of the ponds could 

explain the difference in SGR values of Oreochromis niloticus in the current study. 

The next cause could be the starting size difference of the Oreochromis niloticus 

employed in the studies (Mandal, 2019). 

 

Figure 1.  Specific growth rate of mono-sex male tilapia at different stocking densities. In 

graph, error bars denote standard deviation.  

Food conversion ratio  

The effect of stocking densities on feed conservation ratio was found significant 

(p<0.05). The feed conversion ratio has increased with increasing levels of stocking 

densities (Fig. 2). 
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Figure 2.  Food conversion ratio (FCR) of mono-sex male tilapia at different stocking 

densities. In graph, error bars denote standard deviation. Different lowercase 

letters on error bars indicate statistically significant differences between 

treatments (p ≤ 0.05), as performed by the least significant difference (Fisher's 

LSD) test. 

Begum (2009) reported food conversion ratio (FCR) values ranging from 1.03 to 1.2, 

which were in agreement with the current findings. Tilapia are omnivorous fish that 

eat phytoplankton, zooplankton, and decomposing suspended organic matter, so the 

decreased FCR score could be attributed to this. Uneaten feed and metabolic waste 

created nutrient enrichment in the ponds where feeding was done, which increased 

plankton production. The FCR rose when stocking density increased in this study, 

which could be due to the amount of feed provided in each treatment, as Al-Harbi 

and Siddiqui (2000), and Ani et al. (2021) noted. The effect of stocking density on 

the feed conservation ratio of Nile tilapia (Oreochromis niloticus) was studied by 

Kunda et al. (2021). 

Survival rates 

The effect of stocking densities on survival rates was found to be significant 

(p<0.05). The survival rates have decreased with increasing levels of stocking 

densities (Fig. 3). 
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Figure 3.  Survival rate (%) of mono-sex male tilapia at different stocking densities 

Different lowercase letters on error bars indicate statistically significant 

differences between treatments (p ≤ 0.05), as performed by the least significant 

difference (Fisher's LSD) test. 

Hassan (2007) and Masum (2011) found similar survival rates, with survival rates 

ranging from 79.44 to 89.83% and 84 to 92%, respectively. Different stocking 

densities were discovered to have a negative impact on the survival rate. Low 

stocking density provides the best chances of survival. This is due to less ammonia 

production and less competition for food and space among the fish. The survival rate 

decreased as the stocking density increased. Despite the fact that the fish were fed 

until they were satisfied, this could be due to the crowded conditions created by 

higher densities and the resulting competition. Gibtan et al. (2008) and Suresh and 

Lin (1992) both found similar results. Ani et al. (2022) and Das et al. (2019) studied 

the effect of stocking density on the survival rate of monosex Nile Tilapia 

(Oreochromis niloticus). 

Production 

The effect of stocking densities on production was found to be significant (p<0.05). 

Fish production has increased with the increasing levels of stocking densities (Fig. 4). 

The current research backs up the findings of Hasan (2007) and Begum (2009), who 

found that higher stocking densities yielded better results than lower ones. Our 

findings were similar to the findings of Gibtan et al. (2008), who reported a positive 

relationship between the stocking density and the Nile tilapia production. The higher 

yields as stocking densities increased were also found by El Nouman et al. (2021). 
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The effect of stocking density on production of Nile tilapia (Oreochromis niloticus) 

was studied by Abaho et al. (2020) and Shamsuddin et al. (2022). 

 

Figure 4.  Production of mono-sex male tilapia at different stocking densities. Different 

lowercase letters on error bars indicate statistically significant differences 

between treatments (p ≤ 0.05), as performed by the least significant difference 

(Fisher's LSD) test. 

CONCLUSION 

Stocking density is an important parameter in fish culture as it has a direct effect on 

the growth and production of fish. With the increasing levels of stocking densities, 

growth rates and survival rates decreased. However, the stocking density of 20 fish 

per m
3
 gave the highest production (11664 g). Therefore, it can be suggested that 

farmers should use a stocking density of 20 fish per m
3
 for mono-sex tilapia. 
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ABSTRACT 

Biogas as a clean source of cooking fuel has enormous potential to meet 
Bangladesh's energy needs. The objective of this article is to identify the 
factors influence biogas adoption in rural households. The study aimed 
to look at the policy framework that needs to be put in place to promote 
biogas adoption as a cooking fuel in the study region. This study 
collected primary data by interviewing 118 respondents with a structured 
questionnaire (78 biogas users and 40 non-users) during July-August 
2021. Respondents were women who cook for their families regularly. 
This paper based on a cross-sectional analysis of nine socio-economic 
and demographic parameters that may influence biogas uptake in 
Western Bangladesh. The dependent variable, biogas cooking fuel 
adoption status, was modeled as a dichotomous variable. To evaluate 
the relationship between independent variables with the dependent 
variable (biogas user and no-user), bivariate descriptive analysis (t-test 
for continuous data and chi-square test for categorical data) was 
performed. Then, a binary regression model was chosen to determine 
the adjusted effect of independent variables on biogas adoption 
decisions. The study found that the demographic factors such as income 
status of the women, education of household head, family size and total 
family income significantly and positively influence biogas adoption 
decisions. Contrary to the hypothesis, access to internet and total land 
area owned by the family show negative relation with biogas cooking fuel 
adoption status of the household. The outcome of this research added 
evidence to support energy policy with giving emphasis on subsidy, and 
adult education in rural areas.  

Keywords: Biogas cooking fuel, Adoption decision, Socio-economic 

factors, Female responders 
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INTRODUCTION 

Biogas is a renewable energy source created by anaerobic fermentation of organic 

material of animal or plant origin using organic waste sources to produce 

combustible methane gas ideal for cooking and lighting. Biogas technology was 

introduced in Bangladesh in 1972 (Haque, 2008). Biogas is one of the most 

promising household cooking fuels among the numerous clean biofuels, especially 

for rural farm families. Aberilla et al. (2020) evaluates the influence of cooking fuel 

on the environment, and found diesel is the worst option, while biogas from manure 

is the best, biomass fuels have a life cycle that is up to 47 times shorter than fossil 

fuels yet have 4-23% larger local environmental impacts A critical analysis 

conducted by the International Energy Agency revealed that the most cost-effective 

approach for ensuring universal access to clean cooking facilities in the developing 

world is compatible with global climate (IEA, 2019). Furthermore, it would directly 

benefit women, it could save billions of hours currently spent on cooking and 

gathering fuel wood (Bansal et.al. 2013). Along with the Sustainable Development 

Scenario (SDS), focus is being paid to what it would mean for the energy sector to 

achieve net-zero emissions by 2050 globally, termed as NZE 2050 in the World 

Energy Outlook (IEA, 2020). To accomplish the NZE 2050's pace and scale of 

emissions reductions, a wide range of interventions would be required. 

Biogas has potentials of fulfilling about 10% of energy demand in Bangladesh 

(Rahman et al., 2018). According to Infrastructure Development Company Limited 

(IDCOL) database district wise distribution of biogas plant, biogas is the most rapidly 

expanding renewable energy source for cooking, but satisfactory biogas installation 

in rural Bangladesh is yet to be achieved (Islam et al., 2008). The reason behind the 

scenes is a matter of investigation. Berhe, (2017) found that despite biogas adoption, 

most households continue to depend on traditional biomass fuel; in fact, energy 

consumption increases with the availability of biogas. The researcher observes that 

gas production from each plant is below expectation; even though subsidies make 

small-scale biogas plants affordable, people can’t entirely rely on them. They use 

biogas only for simple food making, baking, or coffee preparation. Heavyweight 

cooking is not suitable for biogas. Different national and international non-

government organizations like Grameen Shakti, LGED (Local Government 

Engineering Department), IDCOL are working to disseminate biogas technology in 

rural areas. However, limited research is found on socio-economic and demographic 

factors that may positively or negatively influence the adoption behavior of rural 

households in Bangladesh (Hossain, 2012). This research hypothesis is that 

demographic and socio-economic factors may catalyze rural families' interest in 

small-scale biogas installation, which is still unopened. In different countries, 

determinants for biogas adoption and dissemination are investigated from various 

other aspects. 
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MATERIALS AND METHODS 

Three districts of western Bangladesh were chosen for the study, namely Meherpur, 

Chuadanga, and Jhinaidah (Fig. 1). This area is preferred for study as this part of the 

country is out of National Grid of natural gas. Many rural households in this locality 

are already using biogas. Therefore, this area was suitable for conducting a 

comparative study between two groups of rural households (biogas user and biogas 

non-user). A structured questionnaire was developed/constructed to obtain the 

desired information from the study target population/sample respondent. The 

collected data with being categorized concerning demographic and socio-economic 

factors influence a household's decision for biogas adoption decision. 

A questionnaire draft with some open-ended questions was first designed basis on 

research objectives and literature studies. The questionnaire was pretested by an 

informal conversation with rural biogas users. From the preliminary observations 

gained from the conversation, the questionnaire was updated, and thus the variables 

were chosen for primary data collection. 

Figure 1. Map of study areas 

The Statistical Package for Social Sciences (SPSS) was used for statistical analysis. 

Data is analyzed into both bivariate and multivariate setups. An independent sample 

t-test is performed to compare the mean value of continuous variables between two 

groups of dependent variables. For categorical variables, the chi-square test is 

considered. Thus, the unadjusted effect of the selected explanatory variables on 

biogas adoption status was evaluated. Since bivariate analysis fails to explain the 

adjusted impact of explanatory variables, a statistical model appropriate for a binary 

response is considered, namely a binary logistic regression model. Firstly, to evaluate 
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the relationship between independent variables with the dependent variable (biogas 

user and no-user), bivariate descriptive analysis (t-test for continuous data and chi-

square test for categorical data) is performed. Secondly, a binary regression model is 

chosen to determine the adjusted effect of independent variables on biogas adoption 

decisions. 

Table 1. Definition of dependent and explanatory variables  

Variables Description Values 

Dependent variable   

Biogas user group Biogas adoption status 1= household adopted 

biogas.   

0 = Otherwise 

Explanatory Variables   

Res_income (X1) If the respondence has her own income 

or not. 

1= Respondents has 

income 

0 = Otherwise 

Res_HH (X2) If the respondent is the head of the 

household or not 

1=Respondent is the 

household head, 

0=otherwise 

HH_gender(X3) Sex of household head 1= Male 

0=Female 

HH_age(X4) Age of household head  Number of years 

HH_edu(X5) Education level of household head 1=No Formal education 

2=Primary education 

3=Secondary education 

4=Tertiary education 

Family size (X6) How many people live in the residence The number 

Familyincome (X7) The monthly average income of the 

family 

In Taka 

Internet access (X8) If the family has their own device 

(mobile phone or computer) and has 

access to the internet 

1=Yes 

0=No 

Land (X9) Total land area owned by the family In Acre 

Independent sample t-test 

Concerning each socio-economic variable, a contingency table was drawn up. The t-

test statistic was used to analyze the contingency table data for continuous variables. 

It was employed in the analysis to test whether the mean value of explanatory 

variables were deferring between the biogas adopters and biogas non-adopters.  
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Chi-square test 

As for categorical data, t-test is not suitable, chi-square test was performed for 

explanatory variables (Respondent's income status, respondent is the household head, 

gender of household head, education of household head, and internet access). 

The regression analysis 

The general (linear) regression model is:  

                               

But, whenever Y is dichotomous, then the linear regression model is not adequate for 

various reasons. For example, the Linear Probability Model (LPM) is simple to 

estimate and use but, its most important disadvantage is to provide outcomes of the 

fitted probabilities less than 0 or greater than 1, i.e., the predicted probabilities are out 

of range. These limitations of the LPM can be overcome by using a more 

sophisticated binary response model. Therefore, a binary logistic regression model 

was used to test the probability of a dichotomous outcome. A set of independent 

explanatory variables are hypothesized to test the demographic and socio-economic 

factors influencing biogas adoption. The logistic regression model determining 

biogas adoption was specified by using the following formula. 

  

    
                              

The subscript i signifies the observation in the i
th
 sample and P denotes the 

probability of the outcome. If  1,  2,….. n are the coefficients associated with each 

explanatory variable X1,X2….Xn.  0 is the intercept. Individual explanatory variables' 

effects on the log of odds are reflected in the coefficients  1,  2,….. n . The log of 

odds increases in lockstep with the related independent variable when the coefficient 

is positive. Suppose the odds ln (P/1-P) log is positively (or negatively) associated 

with an independent variable. In that case, the outcome's odds ln (P/1-P) and P are 

also positively (or negatively) related to that variable. This relationship is linear for 

the log odds and nonlinear for the odds and probability of the outcomes. P 0.05 was 

used to declare all analyses significant. Wald statistics and odd ratios have been used 

to examine the significance of the variables in binary logistic regression. P-value was 

used to identify the significant level of the variables. Table 1 lists the independent 

variables used in the logistic regression model for adoption. 
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RESULTS AND DISCUSSION 

Demographic and socio-economic factors are used to model the likelihood of a 

household's biogas cooking fuel adoption decision. In both uni-variate and bivariate 

arrangements.  

Socio-demographic status of the samples 

Table 2 shows a summary of descriptive statistics. The results of the descriptive 

analysis indicate that regarding respondents’ demographics, 48% of total respondents 

(women) made financial contributions for their families. Only 14% of them are 

reported as head of the family. Eighty one percent of respondent households are male 

headed. For level of education of family head, it is revealed that 8 of 118 household 

heads have no formal education. Nearly half of the total household heads have 

secondary education. 47% responder of households reported that they have internet 

access. The mean of household heads’ age is 47.51 years, with a standard deviation 

of 12 years. The mean income is observed to be monthly 12925 BDT with a standard 

deviation of 12663 BDT.  

Fig. 2 shows that Among the 118 households, 44% families reported agriculture is 

their main income source (small and large-scale farming), for 24.5% households, 

main income comes from business (refers to earning from manufacturing or trading), 

11% families live on day labor (they do not have any specific job, earn money 

providing daily labor), 20.34% households claimed that their main earning source is 

service (works under government or non-government organization). Among the 

respondents whose family income comes from daily labor, 92.3% of them didn't 

adopt biogas as cooking fuel. A significant proportion who has income sources from 

service (83.3%) and business (86.2%) are mostly intended to adopt biogas cooking 

fuel. 

 

 

Figure 2. Major sources of income (biogas user and non-user households) 
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Table 2 presented comparative statistics of households who adopted biogas cooking 

fuel and households who did not adopt biogas. For continuous variables (age of HH, 

family size, family income, and land owned by the household) independent sample t-

test is performed to compare the mean score of the variables between the two groups. 

As the independent t-test is not suitable for categorical variables, the chi-square test 

is chosen for variables like Respondents' income status; the respondent is the HH, 

gender of HH, education of HH, and internet access. P-value of the independent 

sample t-test show statistically significant variation for the age of the household head 

and Family income between the two groups (Table 2). Chi-square test report 

indicates that Respondents' income status, the respondent is the head of family, 

gender of HH, access to the internet, and education categories, no education, primary 

and tertiary level of education for household head show significant influence on the 

biogas adoption status of the sample households (Table 2). 

Table 2.  Comparative demographic and socio-economic characteristics of biogas 

users and non-user households. 

Categorical 

variables 

Response 

category 

Biogas Non-user 

n=40 

Biogas user 

n=78 

Chi square 

test 

  Frequency Percentage Frequency Percentage P-value 

Respondent’s 

income 

No 29 72.5 32 41  

0.001 Yes 11 27.5 46 59 

Respondent is 

Household Head 

No 39 97 63 81 0.012 

Yes 1 3 15 19 

Gender of 

Household Head 

Female 5 12.5 17 21.8 0.221 

Male 35 87.5 61 78.2 

Education of 

Household Head 

No education 6 15 2 2.6 <0.011 

Primary 16 40 10 12.8 <0.001 

Secondary 18 45 40 51.3 <0.518 

Tertiary 0 0 26 33.3 <0.001 

Internet access 
No 31 77.5 31 39.7 0.0001 

Yes 9 22.5 47 60.3 

Continuous variables Biogas non-user, n=40 Biogas user, n=78 T test 

 Mean SD Mean SD P value 

Age of Household head 51.90 15.023 44.94 9.69 0.000 

Family size 4.83 1.152 4.93 1.085 0.901 

Family income (TK) 12925 3924.85 26461.54 10101.68 0.000 

Land (acre) 2.16 1.34 2.59 1.16 0.417 
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The mean value of the age of household head (51.90 years) for biogas non-user is 

higher than that of the biogas user group (44.94 years). The mean value of Family 

income for group biogas non-user is estimated as less than half of the mean value of 

family income for the biogas user group. The magnitude of difference in mean 

differences for those variables was highly significant with a P< 0.001. The significant 

variables were respondent’s income and education status, family income, age of 

household head and internet access. Whereas family size and land owned by the 

household and education level of Household Head secondary show the non-

significant difference between the two groups, biogas non-user and user. Descriptive 

statistics show a significant variation in demographics and socio-economic 

characteristics between two groups of respondents. However, inferring causality as 

the result of uncontrollable external factors is challenging (Kinyili et al., 2020). As a 

result, an econometric study based on a logistic regression model is implied to 

identify factors influencing the adoption of biogas as a cooking fuel while adjusting 

for unobserved variables. 

Regression analysis 

To get the adjusted effect of selected variables for biogas adoption, binary logistic 

regression model is considered. The result of the binary logistic regression showing 

the relationship between nine demographic and socio-economic factors on adoption 

of biogas cooking fuel are shown in Table 3. The variables in the equation were 

described using B = 0.668, SE = 0.194, Wald = 11.792, P = 0.001 and Exp (1.95). 

Table 3.  Binary logistic regression showing the relationship between nine socio-

economic factors on adoption of biogas cooking fuel. 

Variables Coefficients SE Wald Odd ratio P value 

Respondent’s income 4.773 1.547 9.520 118.2 0.002** 

Respondent is Household Head 4.602 2.588 3.163 99.67 0.075 

Gender of Household Head 2.519 1.974 1.629 12.419 0.202 

Age of Household Head -0.090 0.059 2.326 0.914 0.127 

Education of Household Head_ 3.139 1.117 7.899 23.076 0.005* 

Familysize 1.390 0.718 3.752 4.017 0.05* 

Family income 0.001 0.000 13.49 1.001 <0.001**

* 

Internet access -1.253 1.300 .930 0.286 0.335 

Land  -0.631 0.491 1,650 0.532 0.199 

Constant -24.425 7.295 11.487 0.000 <0.001 

Number of observations 118   *Indicate significant at 10% level 

-2 Log likelihood value =32.416   **Indicate significant at 5% level 

Hosmer and Lemeshow Test chi2 = .389 ***Indicate significant at 1% level 

Prob. > chi2 (>0.05)  Cox and Snell R2 =0.634           Nagelkerke R2=0.878   



DEMOGRAPHIC AND SOCIO-ECONOMIC FACTORS ON CLEAN COOKING FUEL 269 

For the logistic regression model, the estimated value for measuring the fitness is 

found to be good. Measures of goodness of fit of result suggested that the explanatory 

variables were simultaneously related to the log odds of adoption status. The Cox and 

Snell R
2
 value is 63%, Nagelkerke R2=88%. The Hosmer and Lemeshow Chi test 

report suggest that this model is more fit than the traditional Chi-square test, mainly 

as several continuous variables are considered for the study. 

Table 3 presents the results of binary regression analysis, show that respondents' 

income status, education of Household Head, family size, and family income are 

statistically significant factors for biogas adoption. The level of significance for these 

variables are at 5%, 10%, 10%, and 1%, respectively. Respondents’ income status 

was positively related to biogas adoption status of the household. That means if the 

woman, who works in the kitchen regularly, has her own income, it increases the 

probability of biogas cooking fuel adoption by 9.52 times compared to the 

households where the respondents are out of self-income.  Respondents’ income 

status has a two-way influence; firstly, as an additional income source, strengthens 

the household's financial ability to invest in biogas. Secondly, respondents' income is 

supposed to support her opinion in decision-making for more comfortable cooking 

fuel. Women are the primary victims of long-term health effects for this arduous 

activity and smoke in the kitchen because of using harmful fuel sources. If all other 

circumstances remain constant, women are more interested than males to participate 

in the biogas plant adoption process (Ghimire, 2005). Therefore, male household 

head was expected negative effect on biogas adoption status. However, the finding of 

this study doesn't prove the significant influence of male household head on biogas 

adoption in the study area. In contrast to this study, Walekhwa et al. (2009) in 

Uganda, Kelebe, et al. (2017) in Ethiopia, Kabir et al. (2013) in Bangladesh, found 

that the female-headed households are found to be more likely to use biogas in that 

study. On the other hand, study by Mwirigi et al. (2014) in Kenya and Mengistu et al. 

(2016) in Ethiopia, male-headed households were more likely to embrace biogas 

technology than female-headed households. In conclusion, the impact of gender on 

biogas adoption status is not consistent, and further research is needed in this area. 

Education of the HH is a statistically significant factor for biogas adoption decisions. 

A higher level of education increases the likelihood of biogas cooking fuel adoption 

by a factor of 23.076. The household head is 1 level higher educated means 7.9 times 

more likely to adopt biogas cooking fuel. This could be because household heads 

with no formal education are more likely to be slow to accept new technology. Low 

literacy levels obstruct the effective flow of information needed to make decisions 

about new technology (Kelebe et al., 2017). In line of this study several studies 

highlighted the positive association between education and the adoption of new 

technology (Kabir et al., 2013). Contrary to them (Walekhwa et al., 2014) reported 

that the formal education of household heads is negatively related to biogas adoption 

in Uganda, possible reasons for such result was explained by the researcher. 

Education system in Uganda is lack of emphasis on hands-on practical training 
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Biogas is seen as a technology for the less educated and those who live in rural areas. 

Higher educated people are mainly live-in urban regions. Overall studies suggest that 

only study on education level is not enough to figure out the relation between 

education and biogas adoption behavior of households, rather it is important to 

consider education system and social perspectives of study location for that. Data on 

family size revealed that the average number of family members in the research area 

is reported to be five. Household size positively influences biogas adoption decision, 

one person increase in a family member is 3.75 times more likely to adopt. A larger 

family means more support for cattle and biogas plant maintenance. This criterion is 

also supported by Walekhwa et al. (2009), who found that bigger household sizes 

were linked to a higher likelihood of biogas adoption. However, Kabir et al. (2013) 

found a non-significance relationship between household size and biogas adoption. 

Family Income is found to have a highly significant (P<0.001) positive relation with 

biogas adoption with the factor of 1.001. Income of the household influences biogas 

adoption likelihood with a factor of 13.49. As a household's income rises, the 

likelihood of the household adopting technology is projected to rise because of 

increased financial capability. Study by Walekhwa, et al. (2014) discovered a 

consistent income outcome for biogas adoption in Uganda. However, Kelebe et al. 

(2017) reported that household income does not affect the rate of biogas adoption in 

Ethiopia. Such result could be due to the existing government subsidies for domestic 

biogas digester installations.  Gwavuya et al. (2012) reported that he government of 

Ethiopia, SNV2, and other organizations provide subsidy up to 40% of the total 

construction cost of a biogas digester to increase biogas adoption. Study in 

Bangladesh revealed that biogas clients would be burdened by investment costs, 

while subsidies and credit played a critical part in making the decision to adopt a 

biogas plant (Kabir et al., 2012). 

Age of household head, internet access, and land area showed the non-significant 

effect on biogas adoption in the overall model. Contrary to the hypothesis, this study 

shows those with no internet access were more likely to be biogas user. It may be due 

to the internet users are basically the young members of households, who are not 

responsible for taking decision about cooking fuel.  At the same time, a recent study 

conducted by Rahman et al. (2021) reported that internet access significantly 

positively affects biogas adoption in Bangladesh. The difference in finding may be 

due to for different location or pattern of data used in the study. 

Though the regression analysis finds age of the household head as a non-significant 

variable, the mean difference of age between the two groups studied (for biogas user 

45years and for non-user 52 years), indicates that household heads of the biogas user 

group are younger than the non-user group. Whereas Kebele et al. (2017) showed a 

substantial and positive link between household head age and biogas technology 

adoption, implying that older household heads are more likely to adopt biogas 

technology than their younger counterparts. Furthermore, Baiyegunhi and Hassan 

(2014) in Nigeria, Walekhwa, et al. (2009) in Uganda and Tadesse (2009) in Ethiopia 
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found that they choose clean and safe energy sources as people get older. These 

discrepancies regarding the correlation of age of household head and biogas adoption 

behavior, suggests the need for more research. 

A biogas plant is an integrated plant unit, cattle shade, kitchen, slurry compost pit; 

they all need to be close together. That indicated that more extensive landholding 

would positively influence biogas adoption, but contrary to the hypothesis, this factor 

found to be non-significant factor for biogas adoption. It may be because the 

residence plot size is important factor for biogas installation. Therefore, total land 

area is a less critical factor for biogas adoption behavior in the study area. 

CONCLUSION 

In Bangladesh the pace of adoption dissemination rate of biogas cooking fuel is low 

overall. According to the literature, the adoption rate of biogas depends on different 

factors such as socio-economic, institutional, and policy implementation. In 

summary, the current study's findings show that that the socio-economic 

characteristics of the population are significant factors that contribute to the adoption 

of biogas in the area and finances remain the most significant perceived obstacle. 

Nevertheless, it is not the sole barrier; instead, it dictates whether or not one can 

adopt biogas. Therefore, Bangladesh government should integrate biogas program 

with other rural development and poverty alleviation programs. To penetrate more 

into poorer section of the society, a massive awareness campaign, a stable subsidy 

policy as well as group loans without collateral should be one of the strategies for 

implementation of massive biogas cooking fuel dissemination program. 
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ABSTRACT 

Algal biomass is good source of oils and it can be used for producing 
biodiesel. The present work is a study of biodiesel production from the 
algal blooms. Microcystis species was isolated from the blooms and 
cultured in BG-11 medium. The biodiesel was extracted using alkali 
catalyzed transesterification method. The trans esterified oil was 
collected and subjected to GC MS analysis. The FAME profiles showed 
the presence of unsaturated fatty acids which confirms the presence of 
biodiesel. The extracted biodiesel was also characterized for the physical 
properties like fatty acid value, saponification value, iodine value, cetane 
number, kinematic viscosity, pour point and cloud point.  

Keywords: Algal bloom, Biodiesel, Cetane number, Cloud point, FAME, 

Pour point, Transesterification.  

INTRODUCTION 

Use of fossil fuels is unsustainable because of the accumulation of CO2 in the 

atmosphere. (Vishwakarma et al., 2018). Producing biodiesel from algae is a method of 

generating biofuels to meet the global demand for vehicular fuels in the current situation. 

Usage of biodiesel will allow a balance to be sought between agriculture, economic 

development and environment. These problems can be solved by replacing the fossil 

fuels with some alternative renewable and sustainable biofuel (Klass, 1998). 

Microalgae are photosynthetic micro-organisms that synthesize lipids and triacyl 

glycerol (TAG). The TAG content of some microalgae is so high and can be a 

promising sustainable feed stock for biodiesel production. These are considered as 

one of the promising alternative and renewable feed stock for biodiesel production 

(Thao et al., 2013). 

Biodiesel is a non-petroleum derived fuel having mono alkyl esters of long chain 

fatty acids, which are derived from transesterification of lipids and fats. It is a 

renewable and eco-friendly fuel which is similar to fossil fuel (Lapuerta et al., 2008 

and Kulkarni and Dalai, 2006). 
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Algal biomass is the upcoming source for sustainable energy and it will contribute to 

sustainable development environmentally, socially and economically. The algal oil 

was found to be having low melting point of their polyunsaturated fatty acids. The 

biodiesel produced from the algae are economically competitive with the 

conventional fuel (Ihsanullah et al., 2015). 

In the present study, an attempt was made to extract lipids from algal blooms. The 

extracted lipids were subjected to direct alkali catalyzed transesterification to get 

biodiesel. The obtained product was subjected to GC-MS analysis to know the 

presence of Fatty Acid Methyl Esters (FAME). Biodiesel is biodegradable and non-

toxic and can be used in place of petroleum fuel as a sustainable / renewable energy 

source. 

The Algal blooms are excessive growth of algae in any water body. Blooms of these 

organisms give a green or yellow green color to the water and under certain 

conditions form a green scum (Carole Lembi, 2003). This formation occurs when 

there is excess supply of nutrients mainly nitrogen and phosphorous. The major 

source of these is from the untreated sewage water.  

Due to the rise of fluctuating prices of fossil fuels there is a great challenge ahead to 

think alternative for the use of fossil fuel. Selection of feed stock for biodiesel 

production generally depends upon the availability and economic aspects of country. 

Based on the type of feedstock, biodiesel is classified as 1
st
 generation, 2

nd
 generation 

and 3
rd

 generation. The 1
st
 and 2

nd
 generation biodiesel are from edible and non-

edible vegetable oil respectively. The 3
rd

 generation biodiesel is from algae.  

In the present investigation, an attempt was made to study the extraction of biodiesel 

from algal blooms.  This may help to sustain the fossil fuels as it is extracted from the 

natural organism which is biodegradable and non-toxic. 

MATERIALS AND METHODS 

Algal blooms were collected from Jakkur lake, near Yelahanka, Bengaluru, 

Karnataka, India. The predominant species in the algal blooms was identified as 

Microcystis, Ocillatoria and Aphanozimenon species.  

Culturing and Maintenance 

Algae collected from algal blooms were cultured on Bold’s medium. Microcystis 

species were separately isolated and cultured on BG-11 medium and were maintained 

under 16/8 light/dark cycles with a  light intensity of 1500 lux. 
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Figure 1. Algal Bloom 

 

Figure 2. Dry algal biomass 

Oil Extraction 

The collected algal blooms were sun dried for 3-4 days and  stored in air tight 

containers for further use. The dried algal biomass was  powdered and total lipids 

were extracted from the powder using Bligh and Dyer (1959) method. Five grams of 

dried algal biomass was taken and homogenized in 50ml of distilled water. From this, 

25ml of homogenized sample was taken in a separating funnel and a mixture of 

chloroform and methanol in the ratio of 1:2 was added. The solution was allowed to 

separate after vigorous swirling. The upper organic phase was collected and 25ml of 

methanol was added to it. The solution was centrifuged at 1500 rpm for 10 minutes 

and lower organic phase was recovered. The obtained total lipids was measured and 

percentage yield was calculated (Fig.3).  

 

         

Figure 3. Process of  biodiesel production 
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Yield of algal oil 

Yield of the oil was calculated as the fraction of weight of the oil produced per kg of 

dried algal mass from which the oil was extracted (Leung and Guo, 2006). 

           
              

                         
       

Transesterification  

Twenty five ml of the extracted oil was heated in a water bath to a temperature of 

45
o
C. Sodium methoxide solution was prepared by dissolving 0.25g of NaOH pellets 

in 10ml of methanol. This solution was mixed with warm oil and stirred thoroughly 

on a magnetic stirrer for 90 minutes. After that the reaction mixture was transferred 

to a separating funnel and left as such for 24 hours. After settling the upper phase was 

collected in a beaker, which is the crude biodiesel. The collected biodiesel was 

measured and washed with warm water to remove the alkali catalyst and other 

impurities. This is then warmed to around 70⁰ C for an hour to get rid of the wash 

water (Meher et al., 2004). 

GC MS Analysis 

The purified biodiesel was subjected to GC-MS analysis (Varian 450GC) The 

column used was CP-SIL C18 with a dimension of 30m x 0.25mm x 0.25µm. The 

detector used was Flame ionization detector. Nitrogen gas was used as the mobile 

phase. The flow rate was 1ml/minute. The injector temperature was 220
o
C and the 

detector temperature was 250
o
C. NIST library was used to identify the compounds. 

The fatty acids were identified by comparing the retention times with those of 

standard fatty acids. Their composition was calculated based on the corresponding 

peak areas in the chromatogram.  

Characterization of Biodiesel 

The physical properties like Iodine value, Saponification value and values of Free 

Fatty Acid, Cetane number (ASTM D 6751) Cloud point (ASTM D 2500), Pour point 

(ASTM D 97) and Kinematic viscosity (ASTM D445) of the prepared biodiesel were 

determined following standard methods. The values of these parameters fell within 

the limits of ASTM standards for a good biodiesel. 

Determination of Acid value/ Free Fatty Acid (FFA)  

2g of the oil was taken and a neutral solvent was prepared by adding equal amount of 

petroleum ether and ethanol. 50ml of neutral solvent was added to the oil. The 

mixture was stirred continuously for 20-25minutes.0.1M of KOH (0.3g of KOH in 

50ml of ethanol) was prepared and was poured into a burette. To that w3 drops of 

phenolphthalein indicator as added and was titrated against 0.1M KOH solution. Pink 

colour persists for about 15 seconds which indicated the end point (AOAC,1999 and 

Indhumathi et al., 2014).  
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where, V= Volume of standard alkali used; 

              N= Normality of standard alkali used; 

              W = Weight of the oil used; 

              A= Volume of standard ethanol KOH used. 

Determination of Iodine value  

To determine the iodine value, 0.25g of the oil was taken into a 250ml conical flask. 

To that 10ml of chloroform and 30ml of Hannus solution were added. The solution 

was incubated for 30 minutes with constant vigorous shaking. 10ml of 15% 

potassium iodide and 100ml of distilled water were added and the mixture was 

titrated against 0.1N sodium thiosulphate till yellow color and then 2drops of 1% 

starch was added and the titration continued till the blue color disappears (AOAC 

1999).  

            

 
                                                             

                 
     

Determination of Saponification value 

1g of the oil was weighed in a conical flask and to this 12.5ml of  0.5N ethanolic 

KOH was added. This solution was kept in the water bath for 1 hour. It was cooled 

and 2-3 drops of phenolphthalein indicator was added. The mixture was titrated 

against 0.5N HCl until the pink colour disappeared (AOAC 1999).  

                     
                        

                 
 

where,V1 = Volume of HCl used by the blank; 

            V2 = Volume of HCl used by the sample.  

Determination of Cetane Number 

The CN of the fuel is an important parameter which responsible for the delay period. 

It is defined as the percentage by volume of normal cetane in a mixture of normal 

cetane and alpha methyl naphthalene (ASTM D 613). 
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Determination of Cloud Point and pour point  

The cloud point and pour point determination was carried out at Karnataka Soaps and 

Detergents Limited (KSDL), Yeshwanthapur. Cloud point is a test to characterize the low 

temperature performed of bio diesel. It is defined as the temperature at which a cloud or 

haze appears in the fuel under prescribed test condition. 6ml of the biodiesel sample was 

taken in a beaker and in a mortar and pestle in the ratio 1:1 ice cubes and NaCl was taken 

and crushed. The sample containing beaker was placed in the mortar and pestle and the 

temperature was noted regularly until the biodiesel forms a cloud. Sample of biodiesel 

was kept in a freezer and then heated to melt. The temperature at which the fuel starts to 

pour is taken as the pour point (ASTM D2500 and ASTM D97). 

Determination of kinematic viscosity  

A viscometer was placed in a water bath with a known temperature and left as such 

for 30 minutes. Then the sample was added to the viscometer and allowed to remain 

in the bath till it reached the temperature. The sample was allowed to flow freely and 

the time was noted and the viscosity can be measured according to the ASTM D445. 

RESULTS AND DISCUSSION 

The fatty acid composition of algal bloom was evaluated and the results were 

depicted in Table 1.  The fatty acid profile of algal strains generally influenced by 

growth conditions. Different algal based oil, their fatty acid profile will be different 

(Suresh et al., 2014, Duran et al., 2019). The fatty acid composition of the oil is 

important for determining the fuel properties (Chaudhary et al., 2014). 

Table 1. Fatty acid methyl ester profile of algal biodiesel 

Sl. No Fatty acids Area (%) 

1 Myristic acid 2.80 

2 Pentadecanoic acid 2.51 

3 Palmitic acid  7.81 

4 Arachidic acid 0.88 

6 Lauric acid 0.86 

7 Heptadecanoic acid  0.72 

8 Tetradecanoic acid  2.80 

9 Oleic acid  0.42 

10 Stearic acid  4.69 

There are different methyl esters in the biodiesel and the chromatogram showed  

several compounds with various retention times. The fatty acid ester composition of 

the extracted biodiesel was shown in Table 1. The fatty acid profile comprises of 
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myristic acid, palmitic acid, lauric acid, arachidic acid, stearic acid, oleic acid and 

many more. The presence of saturated fatty acids indicates good quality biodiesel 

(Duran et al., 2019).  

It was observed that the oil extracted from the algal blooms contained both saturated 

and unsaturated fatty acids. The percentage of unsaturated fatty acid were more 

compared to saturated fatty acids (Table 1). The ideal biodiesel is suggested to have 

the presence of Palmitic acid, Stearic acid and Myristic acid. 

In the present study, the unsaturated fatty acids were more compared to saturated 

fatty acid. Similar kind of observations were made by Chinnasamy et al. (2010) in the 

algal oil using GC. The microalgal lipids derived from Chlorella vulgaris, 

Scenedesmus maxima, Dunaliella tertiolecta were also showed more percentage of 

unsaturated fatty acids (Gouveia and Oliveira, 2009).  

The quality of the biodiesel was analyzed by comparing its physical properties like 

iodine value, saponification value, kinematic viscosity, cloud point, pour point and 

cetane number (Table 2). All the parameters were in the range of biodiesel ASTM 

standards (Srivastava et al., 2000) indicating the quality of the biodiesel. Higher 

cetane number is another parameter which also indicates the quality of the biodiesel 

and also good alternative fuel (Ihsanullah et al., 2015). 

In the present work, CN was found to be 49 which higher than that of the ASTM D 

6751 standard limits. The CN was found to be 51 in the study conducted by 

Enwereuzoh et al. (2020). Similar CN value was observed by Indhumathi et al. 

(2014) in their study also. 

High cetane number is an indication of good ignition quality. The value of cetane 

number is increasing with increased carbon chain length. Ignition properties are 

better with increasing CN in general (Meher et al., 2004). Higher the CN, lesser will 

be the ignition delay time (Knothe, 2006). Higher the molecular weight of the fatty 

acid esters in the biodiesel, higher will be the cetane number (Ramirez-Verduzco et 

al., 2012).  

Table 2. Algal biodiesel characteristics 

Characteristics Algal Biodiesel ASTM D 6751standards 

Acid value mgKOH/g 0.56 <500 

Cloud point
o
C -5 -3 - -15 

Pour point
o
C -3 -5 - -15 

Kinematic viscosity mm
2
/s 3.5 1.9 – 6 

Iodine value mg I2/g 15.24 <115 

Cetane Number  49 ≥47 
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CONCLUSION 

Biodiesel can be used as an alternate fuel which will be obtained from renewable 

biological source like algal bloom. The polyunsaturated fatty acids present in the 

algal oil have very low melting point which is very good parameter to consider for 

production of biodiesel. Algal bloom was successfully used to extract the biodiesel in 

two steps oil extraction and transesterification. The quality of biodiesel was analyzed 

by GC and few physical tests, which showed the parameters were in close agreement 

with the biodiesel ASTM standards.  The present study shows that the 3
rd

 generation 

biodiesel obtained from algal bloom biomass is having the required characteristics as 

per the ASTM standards and this can be used in place of the conventional petro 

products.  
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